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IRON METABOLISM 
AND HEMOCHROMATOSIS* 


S. GRANICK 


Associate, Rockefeller Institute 


@seseseseseseVHis review will be divided into four parts. In the first 
part we will enumerate and classify the iron compounds 

T of the body. In the second part we will describe the 
properties of some of these iron compounds. In the 

G @ third part, the properties and the hypotheses concerned 
with the regulation of iron absorption by the gastro-intestinal mucosa 
will be discussed, and in the last part we will consider certain of the 
aspects of iron metabolism as they might be related to hemochromatosis. 


I. IRon CoMPoUNDS OF THE Bopy 


No detailed analyses exist for all the different iron compounds of 
the human. However, by incorporating various data from the literature, 
an approximate notion may be obtained of the distribution of total 
body iron among these various compounds. The iron compounds of the 
body may be divided into two groups. The first group will include 
the iron porphyrin or heme compounds and in the second group will 
be included the non-heme iron compounds (Table I). 

The iron porphyrin heme compounds will be considered here very 


* From the Laboratories of The Rockefeller Institute for Medical Research, New York. Read 
December 3, 1948 in the Friday Afternoon Lecture Series of The New York Academy of 


Medicine. 
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Tane tT: APPROXIMATE COMPOSITION OF ‘TILE: TRON-CONTAINING 
COMPOUNDS IN THE HUMAN (70 KILO MAN)* 


Per cent of Reference 
Compounds 4. Fe in 4. total Fe No. 
Iron porphyrin (heme) compounds: 
Blood hemoglobin 900 3.0 60-70 (2) 
Muscle hemoglobin (myoglobin) Mw) O13 3.0-5.0 (1, 2) 


Ileme enzymes: 
Cytochrome ¢ 0.78 0.004 0.1 (2) 
Cytochrome a, b 
Catalase “ 


Peroxidase - 


Non-heme iron compounds: 
Iron monomolecularly dispersed: 
Ferrous jon - 
Siderophilin (Fe+ + +) 100 0.004 ON (4, 5, 6, LO) 


Iron in micellar ferric hydroxide 


units: 
Ferritin 2.0-4.0 O.4-0.8 15 (7, 8) 
Non-erystallizable ferritin . (7, 8) 
Hlemosiderin (7, 8) 
Total Lron 4-5 100 (1) 


briefly. The essential function of the heme compounds when they are 
associated with particular proteins is to make oxygen available to the 
cell. We may best see how this is accomplished by following oxygen 
on its path into the cells. The oxygen in the lungs is taken up by the 
hemoglobin of the erythrocytes and transported to the tissues. In red 
striated muscle and heart muscle the oxygen is temporarily stored in 
muscle hemoglobin or myoglobin. Then the oxygen passes on in the 
cell to cytochrome oxidase (cyt.a3), a heme enzyme which activates 
the oxygen to accept electrons, Other heme enzymes, as cytochromes 
c and b, serve to transport or shuttle electrons from organic compounds 
to the activated oxygen on the cytochrome oxidase. Another kind of 
heme enzyme, peroxidase, can activate H,O, to act as a strong oxidant, 
and still another heme enzyme, catalase, can act to destroy toxic accu- 
* The striated muscles of various animals, although not other tissues, appear to contain two non-heme 

iron fractions according to Dreyfus, Schapira and Leau, Bull, Soc. Chim. Biol., 30, 99 (1948); one 

fraction, extractable by pyrophosphate may represent 30-90% of the total non-heme iron depending 

on the species. Assuming non-heme iron levels for muscle to be the same in human as in beef then 


for a 70 kilo man the total skeletal muscle would contain about 50 mg. and the heart about 12 mg. 
non-heme iron 
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mulations of HzOz which may be generated in the cell during these 
processes of oxidation with O,. It should be noted that the amount of 
iron in all of the heme enzymes of the cells is extremely small, being 
only a few tenths of one per cent of the total iron of the body. This 
is in marked contrast to the amount of iron in the hemoglobins of the 
red cell and muscle which together account for 65-75 per cent of the 
total body iron, assuming an average of 4.5 g. for total body iron.'* 

The second group of iron conrpounds, namely, the non-heme group, 
is the one with which we shall be primarily concerned this afternoon. 
This group includes inorganic iron compounds and certain iron protein 
compounds (Table 1). These compounds may be subdivided into two 
classes. The first includes the compounds of iron where the iron atoms 
are not in clusters—i.e. where the iron atoms are monomolecularly 
dispersed; the two substances that may be placed in this category are 
ferrous iron itself as a free ion and siderophilin, the 8: serum globulin,— 
that is, the transport form of iron in the blood stream. 

The second class of non-heme compounds contains iron in the 
form of ferric hydroxide units or clusters of a special character. The 
ferric hydroxide units are contained in ferritin, non-crystallizable fer- 
ritin and hemosiderin. These compounds containing ferric hydroxide 
units, serve as storage forms for iron. As one might expect from storage 
compounds, their content varies greatly from individual to individual.” 

Having briefly surveyed the various iron compounds of the body, 
let us now summarize the table on the approximate content of these 
compounds. Let us assume a total of some 4-5 grams for the iron in 
the body of a 70 kilo man. Then the total hemoglobin iron, i.e. in 
hemoglobin and myoglobin, accounts for the greatest fraction, 65-75 
per cent, and ferritin iron makes up the next greatest fraction, about 
15 per cent. Together these constitute about 85-90 per cent of the total 
iron. The other known constituents make up less than one per cent 
of the iron. There still remain, to be accounted for, about 10-15 per 
cent of the total iron of the body. Whether this latter amount of iron 
reflects errors in estimations, especially of total body iron or whether 
other compounds of significant iron content remain yet to be dis- 


covered, it is not possible to say. 
Il. Properties oF THE Non-Heme Iron Compounps 


Before discussing the properties of the non-heme iron compounds 
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two important properties of inorganic iron may be noted. The first is 
that iron may exist in the body in two states of oxidation, that is, either 
in the ferrous or the ferric state. The second is that the solubility of 
ferric ions is extremely slight. In contrast to the solubility of ferric 
ions, the solubility of ferrous ions, although low at body pH, is of 
significant magnitude. The reason for the very slight solubility of ferric 
iron is that the ferric iron is converted to ferric hydroxide at the pH 
of the body, and several ferric hydroxide molecules have a very great 
tendency to come together and split out water among them. In other 
words, the ferric hydroxide molecules aggregate or polymerize in 
three dimensions very readily into clusters or micelles of ferric hydrox- 


ide, thus: 


HO—Fe—0H 

of 

oH {0H 
HO—Fe _ 0—Fe —0H 


Ferrous iron. \We may look upon ferrous ions as the starting point 
from which all iron compounds of the body originate. Ferrous ions 
are only slightly soluble at body pH, but sufficiently soluble so that 
they may be reasonably considered to be an important metabolic inter- 
mediate. The solubility of ferrous hydroxide is equivalent to a con- 
centration of 25 y Fe per cent, but the ferrous iron may be made more 
soluble by the presence of bicarbonate or by loose complex formations 
with amino acids, etc. Unfortunately there is no adequate method for 
measuring the inorganic ferrous iron in the tissues. The reason for 
this difficulty becomes apparent when we realize that the level of 
ferrous iron is due to a dynamic equilibrium. In the presence of oxygen, 
ferrous iron tends to become oxidized very readily to the ferric form. 
There is, however, a tendency to reverse this process. The ferric iron 
is converted back to the ferrous form by the reducing mechanisms 


of the cell: 





Oo (-e 
++. 2 (-€) ~ Fett* 


Fe = , 
Reducin 
mechanisms (+e) 
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So the level of ferrous iron depends on the rate at which it becomes 
autoxidized directly by oxygen (or indirectly by oxidation catalysts) 
and the rate at which it is reduced back to the ferrous form. An under- 
standing of the factors that are involved in the maintenance of this 
steady state, we believe, is basic to an understanding of hemochromatosis. 

The second compound of this group of monomolecularly dispersed 
iron is siderophilin which serves as a transport form for iron (Cohn 
fraction I1V-7). This protein molecule has been crystallized. It is a 
pseudo-globulin of molecular weight 90,000 that can carry two iron 
atoms in the ferric state. The protein is itself colorless. Schade and 
co-workers* '° have found that when ferrous iron is added to the color- 
less protein the iron becomes autoxidized to the ferric state and in the 
presence of CO, attaches to the protein. The protein now takes on a 
salmon-pink color. This pink complex contains one CO: for each 
ferric atom.’” The iron can be removed from the protein by adding a 
reducing substance to convert it to the ferrous state; or the ferric 
iron can be removed by lowering the pH to 4.6 (i.e. a less physiological 
expedient). It is important to note that no enzyme need be directly 
involved in the addition or removal of the iron to or from this protein. 
In the blood stream this protein is normally only about one-third 
saturated with iron, the serum iron level being about 100 y per cent; 
when saturated with iron the serum iron level is about 300 y per cent. 
It has been shown that the iron normally carried in the serum is carried 
exclusively by this protein. This protein may also carry copper, pre- 
sumably at the same spots on the protein that would carry the iron.° 
When the protein has copper on it, if one adds an iron salt, the iron 
will displace the copper. The constancy of the serum iron level is also 
indicative of a steady-state process. It therefore reflects various aspects 
of iron metabolism. We shall discuss this feature later. 

The second class—the colloidal or micellar iron compounds—con- 
tain aggregates or polymers of ferric hydroxide. One of these substances 
is ferritin, and another of these is hemosiderin.* * 

Ferritin is a remarkable compound, first discovered by Laufberger 
in 1937. It is most readily isolated from horse spleen which is one of 
the richest sources of this substance. Ferritin is a brown iron-containing 
protein which can be crystallized readily by means of cadmium sulfate. 
In the crystallized state it may contain as much as 23 per cent dry 
weight of iron. One may remove the iron without damaging the 
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protein and the colorless protein, now called apoferritin, also will 
crystallize when CdSOx, is added. So the property of crystallization 
is a property of the protein. The protein apoferritin has a molecular 
weight of 460,000. 

Figure 1 is a hypothetical reconstruction of what a crystal of fer- 
ritin, containing 23 per cent iron, might look like. Here we see the 
somewhat ellipsoid apoferritin protein molecules and in the spaces we 
see ferric hydroxide micelles or clusters (cross-hatched spheres in the 
illustration) attached to the surface of the protein. Some cadmium atoms 
are represented as binding together the protein molecules possibly by 
coordinating certain amino acid groups on the surface of the two 
protein molecules. 

The ferric hydroxide micelles of ferritin are not uniform in size, 
but are in general small enough to permit crystallization. Their average 
composition indicates that they contain about 1 PO, for every 9 iron 
atoms, i.e. | (FeQOH)s.(FeOPO,H.,) |. Theoretically, three types of 
ferric compounds are possible on the basis of the number of unpaired 
electrons which ferric iron may possess in the outermost electron shell. 
The ferric compounds may have either one, three, or five unpaired 
electrons per iron atom. The most common type of ferric compounds 
are those containing one and five unpaired electrons. An example of 
the type having five unpaired electrons is ferric chloride, or the iron 
in the transport compound, siderophilin; of the type having one un- 
paired electron an example is the iron in ferricyanide or in methemo- 
globin cyanide. These types are distinguished experimentally by making 
magnetic measurements to determine the number of unpaired electrons 
per iron atom. When ferritin was first measured by Michaelis, using the 
magnetic method, it was found that ferritin contained three unpaired 
electrons. The type having three unpaired electrons per iron atom 
is very rare. In the organism, ferritin iron can be distinguished from 
all other iron compounds since only ferritin iron has three unpaired 
electrons. Now the few experiments that have been done on the forma- 
tion of these micelles or polymers indicate that these iron hydroxide 
units are polymerized through the mediation of some enzyme activity. 
It seems likely also that the individual micelles are attached to the 
apoferritin molecule through enzyme mediation. Support for the idea 
that an enzyme is involved in the formation of these micelles is the 
peculiar three-unpaired electron type, a type which we have been 
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unable to duplicate by in vitro experiments. 

Ferritin may be considered to have three functions. Its primary 
function is that of a normal iron storage protein of the body. Many 
different tissues of the body appear to be able to make ferritin. Nor- 
mally, ferritin may be isolated from the spleen, liver and bone marrow 
of a number of animals and in lesser amounts from testicles, ovary, 
kidney and pancreas. Agner has reported traces of ferritin in horse 
erythrocytes.'' When the iron arriving in a tissue becomes relatively 
great, even a tissue like heart muscle which normally may contain 
very little or no ferritin, will be found to contain ferritin. Ferritin 
produced by the cells of one tissue, say the liver, is immunologically 
identical with ferritin produced by cells of other tissues of the body. 
From the average human liver one may isolate about 4 to 1 gr. dry 
weight of ferritin; because of the inefficiency of isolation it may be 
estimated that twice this amount may be present.* 

The second function of ferritin is related to the regulation of iron 
absorption. The mucosal cells of the gastro-intestinal tract control the 
amount of iron absorbed. The formation of ferritin in these mucosal 
cells is in some way connected with the production of a mucosal bloc 
in the mucosa, preventing excessive absorption of iron. Vosburgh and 
Flexner’* have recently found ferritin in the human placenta and it 
seems likely that the placenta may also contain a mechanism similar 
to that of the intestinal mucosa, for the regulation of the iron absorbed 
by the embryo from the mother. 

A third action of ferritin, and one which may be important in an 
understanding of irreversible shock, hypertension, edema, etc., has been 
recently revealed by Mazur and Schorr.’* This is concerned with the 
vasoconstrictor action of adrenalin. By the method of Zweifach and 
Chambers'* one may observe under the microscope the effect of the 
vasoconstrictor action of adrenalin on the terminal arterioles of the rat 
meso-appendix. When extremely small amounts of ferritin are added 
in the presence of adrenalin, the vasoconstrictor action of adrenalin 
is inhibited. In normal serum, ferritin appears to be absent or at least 
below the threshold sensitivity of this delicate test. However, in trau- 
matic shock or in patients with,\liver cirrhosis, traces of ferritin may 
escape from the injured cells into the serum. The presence of the 


* One of the highest and one of the lowest values for’ ferritin were found in two cases of leukemia. 
In one case of cirrhotic liver the ferritin crystals which were obtained in small quantity were 
pele yellow in color and contained only 5 per cent itistéad of the usual 20-23 per cent iron.® 
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Fig. 1—Hypothetical reconstruction of a 
cross section of a ferritin crystal 


ferritin in such serum can be demonstrated by its vasodepressor activity 
in the meso-appendix test. That it is ferritin and not another component 
of the serum which is active can be shown by adding antibody directed 
against ferritin. Then no vasodepressor activity is observed, that is, the 
vasodepressor activity of ferritin is counteracted by neutralization with 
its specific antibody. The effect of the ferritin is not due to its iron 
content since apoferritin will produce the same vasodepressor action 
as ferritin. The rat will respond to ferritin obtained from other species 
than its own, so it seems that there are common groupings on the 
protein that are responsible for the vasodepressor activity. The practical 
consequences of such a vasodepressor activity of ferritin and its con- 
trol are clearly apparent. 

When ferritin is crystallized out, there still remains in the mother 
liquor a brown pigment, called non-crystallizable ferritin. This has 
the characteristics of ferritin except that it will not crystallize. The 
evidence suggests that in this fraction the iron hydroxide micelles on 
the surface of the protein may be too large to fit into the crystal lattice 
(Fig. 1). 

Hemosiderin is a granular substance which contains clusters of iron 
hydroxide units mixed with some protein material. These granules are 
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large enough to be microscopically visible and they stain for iron. The 
hemosiderin granules, separated from horse spleen, may contain as 
much as 35 per cent by weight of iron. This iron seems to have the 
same magnetic properties as ferritin iron or to deviate only slightly 
from it, indicating that the way the iron hydroxide units polymerize 
is probably identical with the way ferritin iron is polymerized. One 
might picture the formation of hemosiderin as an abnormal stage of 
iron deposition beyond that of ferritin. Ferric hydroxide micelles at- 
tached to ferritin, instead of consisting of small polymers might grow 
abnormally large. At the same time, cross-links between these enlarged 
ferritin molecules could take place (i.e. a cross-link could be formed 
by splitting out H.O between two ferric hydroxide polymers on the 
surface of two separate ferritin molecules). It:should be noted that the 
iron contained in these large clusters is less readily available to the body 
than is the iron of ferritin. The iron of ferritin is in minute clusters 
with relatively large surface area, such iron being more readily brought 
into solution by the reducing processes of the cells. 

A reasonable view regarding hemosiderin formation is that if iron 
enters too rapidly into a tissue for apoferritin synthesis to keep pace 
with the entry of iron, or if a tissue is already saturated with ferritin, 
then this iron gets heaped up into granules. It is generally true that 
when one finds hemosiderin granules, one will find a high concentration 
of ferritin. However, one should not consider the hemosiderin granule 
as a normal storage form merely because it is microscopically visible. 
Ferritin is not microscopically visible nor can it be readily detected 
by iron stains because the ferritin is too diffuse in the cells, yet the iron 
of ferritin may be present in a decidedly higher concentration in the 
cell than is represented by the visibly stainable iron of the hemosiderin 
granules. 

There is another form of microscopically stainable iron that might 
be confused with hemosiderin. This is the iron released from denatured 
hemoglobin. When red cells are damaged and engulfed by phagocytes, 
some of the material of the red cells is temporarily converted to dena- 
tured hemoglobin granules. These granules, lying in the digestive vacu- 
oles of the phagocytes, first appear yellow-brown, the color being due 
to ferric hydroxide which is stainable, and to yellow bile pigment. 
Within 3-4 days the iron staining may disappear although some of the 
partially digested protein granules may still be tinged pale yellow due 
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to absorbed bilirubin. The iron may be carried away from the phag- 
oeytes by way of the blood stream and stered for example, in the liver. 
Or cells adjacent to these phagocytes may absorb the iron and convert 
it to ferritin iron if the cells have such an ability. For example, as seen 
in the dog, the slight hemorrhage resulting from release of a graafian 
follicle gives rise to a brown area in the vicinity of the corpus luteum 
from which ferritin has been crystallized. 

In one experiment, an abnormal form of iron has been encountered. 
Normally, as shown in dogs,’ when a ferric salt is injected into the 
blood stream, it is absorbed rapidly by the liver and its five unpaired 
clectron type is converted to the three unpaired electron type character- 
istic of the ferric hydroxide micelles of ferritin. In one instance this 
conversion did not take place and it can only be concluded that the 
enzymes which normally would convert this ferric iron were not 
functioning properly, that is, the dog may have been ill. Ferric iron, 
which ts not handled properly, ts toxic, and we shall discuss further 
on how a similar situation, arising in hemochromatosis might result 


in liver damage. 
Il. ReGuLarion or TRON ABSORPTION 


In contrast to the traces of iron that are needed to satisfy the heme 
enzyme requirements of simple forms like yeast, one may place the 
relatively enormous iron requirement of the mammal. This high iron 
requirement is due to the high content of hemoglobin in the mammal. 
In the body the iron contained in the hemoglobin of the red cells is 
about 3.0 grams. This is about one thousand times more iron than is 


, 


. 


used for the manufacture of all the heme catalysts of the body com- 
bined. In order to obtain an adequate amount of iron for hemoglobin 
synthesis, mechanisms had to be developed by the vertebrates for 
accumulating and regulating these biologically huge quantities of iron. 

Absorption in the form of ferrous iron. The stomach has an impor- 
tant action on the iron ingested with the food. The stomach is acid, 
and this acidity or lowered pH has two effects. First, it converts 
colloidal ferric hydroxide of foodstuffs into monomolecularly dispersed 
ferric ions. Second, at acid pH certain substances in the food act to 
reduce the ferric ions to the ferrous form. For example, ascorbic acid 
or cysteine or the -SH groups of proteins in food will not reduce 
ferric salts at pll 7, but reduction can already be observed at pH 5. 
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The reduction of iron to the ferrous form is of importance because 
it has been clearly demonstrated that it is in the ferrous form that the 
iron is absorbed.'® 

Although iron may be absorbed all along the gastro-intestinal tract, 
very little is absorbed normally except in the duodenal region.’* In 
the acid stomach the ferrous iron which is formed by reduction, is 
stable, that is, it is not readily autoxidizable by oxygen. In the duodenum 
there is present a most active region of absorptive surface and a pH 
which is still not much above 5. The region just below the pyloric 
sphincter will therefore be most effective in absorption of ferrous iron. 
As the iron moves further down the intestinal tract the digestive juices 
of the pancreas, bile and the intestinal mucosa tend to raise the pH 
to 6-7. At this higher pH the ferrous iron becomes rapidly autoxidizable 
and will be converted to ferric hydroxide. Normally with the relatively 
low content of iron coming in with the food, say 2 to 10 mg. Fe per 
day, the main absorptive region may be limited to a very short segment 
below the pyloric sphincter. If a larger dose of iron is given, say 50-100 
mg. Fe, a larger region of the duodenum may be involved in absorption, 
and with still larger doses of iron as is suggested for use in iron defi- 
ciency anemia (300 mg. Fe++, 3-4 times daily), more of the intestinal 
tract, perhaps even the large intestine and stomach, may absorb signifi- 
cant amounts of iron. Even under conditions of anemia and this high 
dosage, only about 15 mg. of a total of 300 mg. Fe+*+ may be absorbed. 
When a large dose of ferrous iron is fed to a hypochromic anemic the 
serum iron may rise to saturation level in 6 hours and drop down in 
4 hours more to its original low level."* 

When a dose of iron is first increased, it may be found that the 
efficiency of absorption of this dose will be relatively high because a 
new region of mucosa comes to take part in the absorption. However, 
it should not be considered that this efficiency remains high if this 
higher dose continues to be fed since a mucosal bloc would be rapidly 
established in this new region and again absorption would decrease. 

Properties of the mucosal cell in the regulation of iron will now be 
discussed. In general, the organism may regulate a substance taken 
into the body by way of the gastro-intestinal mucosa in two ways. 
The organism may either absorb all of the particular substance such as 
K+ or Nat into the blood stream and excrete the excess; or the 
organism may develop a mechanism for regulating the amount of the 
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substance which is to be absorbed. In the case of iron, a regulatory 
mechanism of great nicety, residing in the mucosa of the gastro- 
intestinal tract, was developed.* Two features of this regulation may be 
noted. In the first place, the mucosa behaves as if it knew how to 
maintain a low, relatively steady rate of absorption under normal 
conditions. In the second place, when the red cells are below their 
normal number, i.¢., in anemia, the mucosa behaves as if it knew that 
it must respond by absorbing iron with greater efficiency.’ 

For example, let us consider what is the amount of iron absorbed 
under normal conditions. An average meal may contain approximately 
5 mg. Fe, of which only about 0.5; mg. may be absorbed. In other 
words, for this dose of iron the efficiency of absorption is about 10 
per cent. This would mean that a maximum of about 1.5 mg. Fe per 
day would be absorbed. It has been estimated that the body may lose 
a total of about 1 mg. or less of iron per day.’® This loss is mainly due 
to the sloughing off of cells from the gastro-intestinal tract, including 
traces of iron lost in the bile and still smaller quantities lost in the 
urine. Thus the net gain by the body may be as much as 0.5 mg. of 
iron per day. The accumulation of 0.5 mg. of iron per day would be 
sufficient to care for the needs of even a growing child.’ Considering the 
very approximate nature of these calculations one may say that on an 
average diet, the net gain in iron would serve for the manufacture of 
about 300-600 cc. of blood per year. 

Suppose now that blood were lost by hemorrhage and that an 
anemia ensued. Then one would find, for example, that instead of only 
10 per cent of the iron being absorbed, 50 per cent would be absorbed. 

Let us next suppose that even though no anemia existed, the effi- 
ciency of iron absorption, instead of being 10 per cent, were increased 
to 30 per cent; then about 3.5 mg. of iron per day would accumulate. 
The result of this increased efficiency would be that over a 20-year 
period some 30 gm. of iron would be deposited in the body. Such an 
amount of iron is sufficient to produce symptoms of the disease called 
hemochromatosis. We see from this example, that whether the process 
of absorption is to be considered normal or abnormal may depend on 
relatively small differences in the level of efficiency with which iron 
is absorbed over a long period of time. 


* Recently, Mitchell and Hamilton, J. Biol. Chem., 178, 345 (4949) have reported an average daily 
excretion of 6.5 mg. Fe in male human sweat. This surprising finding, which according to these 
authors might make unnecessary the assumption of a mechanism for limiting iron absorption, awaits 
confirmation 
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Fig. 2. Hypothesis of the regulation of iron absorption by the mucosal cell 


(1) The amount of ferrous iron moving into the cell is regulated by a mucosal bloc related 
to the presence of ferritin, 


(2) The amount of ferrous iron moving into the blood stream depends on the relative redox level 
of the cell and this in turn is a function of the amount of 0, supplied by the blood stream. 


We shall now consider the facts that reveal a regulatory mechanism 
for absorption of iron in the gastro-intestinal mucosa. (The diagram 
of Figure 2 may be useful in the following discussion.) 

1. It can be shown that once iron gets into the organism it can no 
longer get out. For example, Widdowson and McCance*® demon- 
strated in 1937 that iron injected into the blood stream in large doses 
was not excreted by way of the urine or feces. More recent experi- 
ments with radioactive iron have confirmed this observation. A dra- 
matic demonstration of this fact is seen in a patient with hemolytic 
anemia who had some 200 blood transfusions over a period of several 
years. The iron from all of these broken-down red cells totalled about 
25 gm. The patient developed hemochromatosis and died of the effects 
of this relatively huge deposit of iron in all of the tissues of the body 
including the heart muscle. 

It follows, if iron cannot be excreted after absorption, that the 
movement of iron from the intestinal tract into the mucosal cell must 
be always in one direction, i.e., no iron can move out of the mucosal 
cell into the intestinal tract. So one of the properties that may be 
deduced from the non-excretion of iron is that the 7ucosal cells nrust 
provide a one-way transfer of ferrous iron into these cells. 

2. Next it can be shown, that the mucosal cell must contain a mech- 
anism which will regulate the amount of iron finally entering the blood 
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stream. [he experiments of Hahn and others at Whipple’s laboratory, 
performed on dogs with radio iron as tracer, have revealed this fact." 
If radioactive iron is fed to a normal dog, relatively little iron is 
absorbed. If radio iron is fed to a chronically anemic dog the iron is 
absorbed in an amount 5-20 times the amount absorbed by the normal 
dog. Other workers have confirmed this finding in humans. This ex- 
periment tells us first, that an anemia can increase the absorption of 
iron into the blood stream: Secondly, it tells us that in the normal there 
is a resistance or ntucosal bloc to tron absorption. 

3. Another experiment of Hahn and coworkers'*" shows that there 
is a relationship between this resistance, or mucosal bloc, and the 
storage iron. When a normal dog was bled severely to produce an 
acute anemia the rate of iron absorption was found to be normal during 
a period of about a week. Only after this time was iron absorbed at a 
greater rate, that is, there was a lag in response to the anemia. This 
experiment suggests that during this early period, immediately after 
bleeding, the storage iron in the form of ferritin was being depleted to 
be utilized in the synthesis of new erythrocytes. Not only was the 
ferritin depleted in the liver, spleen and marrow, but the ferritin in the 
mucosal cells of the gastro-intestinal tract was also broken down. If the 
lag represents depletion of ferritin in the mucosal cells, then one should 
be able to demonstrate a change in ferritin content of the mucosal cells 
in response to the feeding of iron. 

4. That the level of ferritin in the mucosal cells readily responds 
to the feeding of iron has been demonstrated in the guinea pig. In this 
animal ferritin is normally present only in traces in the mucosa. When 
high doses of ferrous iron are fed, ferritin is found to increase, especially 
in the duodenal region and then after a few days to decrease. In about 
3-4 hours after feeding a dose of iron, a marked increase in ferritin 
takes place, reaching a maximum in about seven hours and declining 
after 2-5 days to normal. One might postulate that the presence of 
ferritin was in some way connected with the presence of the mucosal 
bloc, that is, only when ferritin in the mucosal cells was depleted 
would more ferrous iron be absorbed. 

One may detect ferritin by the following simple procedure: Several 
centimeters of the duodenal mucosa of a guinea pig are scraped onto 
a slide and a few drops of 20 per cent CdSO; solution are mixed with 
this tissue. Then a cover slip is placed on it, and the liquid is permitted 


lron Metabolism and Hemochromatosis 417 








to evaporate slowly overnight. Examination of the duodenal mucosa 
of the normal guinea pig in this manner reveals some tiny ferritin 
crystals. These crystals are quite rare and it is necessary to hunt for 
them with an oil immersion lens. However, if 10-20 mg. of ferrous 
iron are fed to a guinea pig and its duodenal mucosa is examined the 
next day, then several hundred ferritin crystals may be found on the 
slide. The highest concentration of ferritin is found in the duodenal 
region, less in the jejunum, and only traces in the ileum, large intestine 
and stomach. 

It is a surprising fact that colorless crystals, i.e., of apoferritin, are 
not found in the mucosa. This protein crystallizes just as readily as 
it does when it has iron hydroxide micelles attached to it, i. e., apo- 
ferritin crystallizes as well as ferritin. If ferrous iron is fed, ferritin 
crystals can be demonstrated. This means that the feeding of iron in 
some way brings about an increase of a specific protein, apoferritin, 
to which the iron attaches in micelles of a particular kind of iron 
hydroxide, forming the compound, ferritin. A plausible way of look- 
ing at this phenomenon is to consider that apoferritin is constantly 
being synthesized and broken down. If iron hydroxide micelles attach 
to the apoferritin then the apoferritin is prevented from being broken 
down. Thus feeding of iron will lead to an accumulation of ferritin 
(Fig. 2). 

Serum iron. Let us next consider how the serum iron reflects 
various aspects of iron metabolism and whether the serum iron level 
may be related to absorption of iron by the mucosal cells. A number 
of careful studies on this subject have come recently from the labora- 
tories of M. M. Wintrobe’® and C. V. Moore.’® As has been noted 
before, the iron in the serum is transported by siderophilin, a 8: globulin 
protein of molecular weight 90,000. Normally this protein is only 
one-third saturated with iron. If 10 mg. of ferrous iron are injected 
into the blood stream the serum iron can be raised from the normal 
value of about 100 y per cent to about 300 y per cent. Iron injected above 
this saturation level disappears very rapidly from the blood stream at the 
same time that toxic symptoms appear.* *? This excess iron probably 
precipitates out and is filtered off by the lymph glands and by phagocytes. 

The serum iron under normal conditions will reflect the level of 
iron available for hemoglobin synthesis.**:** 1. The serum iron will be 
low in nutritional anemia (Table II) because there is too little iron 
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Tance IT, IRON ABSORPTION IN ANEMIAS 


H High 

L.— Low Fe 

N = Normal Intestinal utilization Fe 

V = Very absorption Fe  forhemoglo- stores 
O = None of Fe Serum bin (in liver) 


I. Lowered O, content in blood stream 


A) Uncomplicated iron deficiency (1,25)  H L, H L, 
B) Pernicious anemia (24, 25) H H I, H 
C) Refractory hypoplastic anemia (25). H H L H 
D) Pyridoxine deficiency anemia (26) H H L V.H. 
EK) Hemolytic anemia (25) H H, L H H 
F Copper deficiency anemia (23, 27, 28, 
29) H L L, H 
II. Anemia of infection or inflammation 
A) Turpentine sterile abscess (30) O — — — 
B) Chronic infection or inflammation 
(31-34) L L H 
III. Hemochromatesis (25) H H N Vie. 


being absorbed by the mucosa or the iron stores in the form of ferritin 
have been too far depleted to supply the demand for hemoglobin syn- 
thesis.""*° 2. The serum iron will be high when hemoglobin synthesis 
is depressed as in the deficiency anemias, for example, pernicious 
anemia,***° pyridoxine deficiency*® and other hypoplastic anemias of 
unknown origin.**** 3. Another important category of serum iron 
level is the one associated with chronic infection and inflammations 
where, in general, protein metabolism is adversly affected.*°** Here 
the serum iron is low because it is being swept into the storage depots; 
at the same time that the bone marrow activity and synthesis of hemo- 
globin are being depressed. 

Is there a direct influence on the mucosal cells of a high or low 
serum iron level? If one increases the level of the serum iron to satura- 
tion by injecting ferrous gluconate just before feeding radio iron, there 
is no decrease in the rate of absorption of radio iron noticeable.” One 
may also inject iron-free siderophilin into the blood stream to increase 
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the level of this substance and this also has no effect on the rate of 
absorption of iron from the mucosal cells. The serum iron is therefore 
to be regarded as a passive substance whose level does not influence 
appreciably the movement of iron from the nmcosal cells into the 
blood stream. 

Oxygen and mucosal iron. As has been noted before, in un- 
complicated iron deficiencies, say, due to hemorrhage, the mucosa 
responds to the anemic condition by permitting more iron to be 
absorbed (Table II). In this case the serum iron level is low. In anemia 
due to copper deficiency the serum iron level is also low.”****° However, 
in the anemias of pyridoxine deficiency, of pernicious anemia, and of 
hypoplastic anemia, the serum iron level is high. Now in all these 
anemias of whatever origin, and regardless of whether the serum iron 
level is low or high, the absorption of iron by the mucosa is found to 
be high.” It is clear that a factor on the blood stream side and con- 
nected with the anemic condition influences the movement of iron 
through the mucosal cell. The simplest view that might be considered 
is that the mucosal cell responds to the low oxygen supply brought 
about by. the low content of hemoglobin in the blood stream. Thus 
one might postulate that it is the low oxygen supply which is the factor 
which indirectly brings about the increase in the amount of iron moving 
through the mucosal cell into the blood stream. 

Just as the level of red cells in blood is governed by the Oz supply 
to the marrow, so Oz may be considered to affect the rate with which 
iron enters the blood stream. The intestinal mucosa has a very active 
aerobic metabolism.* It is conceivable that a decrease in oxygen supply 
would lead to a somewhat greater reducing tendency in these cells. A 
greater reducing tendency would lead to more ferric iron of ferritin 
being converted to ferrous iron and the ferrous iron would then diffuse 
into the blood stream. In a similar manner one might also picture the 
storage iron of ferritin in the liver, for example, as being made available 
more rapidly by a lowering of the oxygen supply. But the response to a 
lowered oxygen supply would depend on the normal metabolic level of 
the cell, the mucosal cells of the duodenum probably being more respon- 
sive to changes in oxygen than, say, the liver cells. Thus it has been 
shown experimentally**** that iron absorbed by the intestinal mucosa is 
somewhat more readily available for heme synthesis in the bone marrow 
than is the storage iron in the liver. 
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Hypothesis on the regulation of iron by the nnucosal cell. | have 
now finished presenting what appear to me to be the known pertinent 
facts about the absorption of iron and its regulation. The problem of 
iron absorption and regulation is a part of the larger problem of selective 
absorption and permeability. We are most strikingly reminded of our 
ignorance of such processes when we consider the functioning of the 
mammary gland, where the blood stream abuts one side of the cell 
and from the other side milk issues forth. It may seem foolish to even 
attempt an hypothesis of iron absorption and regulation at this stage of 
our knowledge. But I am going to make this attempt to outline a 
hypothesis on iron absorption and regulation for the purpose of sum- 
marizing and bringing together the facts into some coherent scheme. 
If such a hypothesis can suggest some correlations or new experiments 
it will have served a useful purpose. 

Any proposed hypothesis must explain the following facts: 1. There 
is a one-way transfer of iron into the mucosal cell from the gut. 
2. There is a resistance or bloc to iron absorption in the normal. 
3- In the normal, after an acute anemia, there is a delay of about a 
week in responding to the anemia by an increased iron absorption. 
4. After an iron feeding there is a rapid increase in ferritin (over a 
period of several hours) in the mucosal cells and then a rather slow 
decrease in ferritin (over a period of several days). 5. Apoferritin 
protein increases in the mucosal cells when iron is fed. 6. The chron- 
ically anemic condition brings about a greater absorption of iron. 

The hypothesis is outlined in the scheme presented in Figure 2. We 
are going to postulate that a gradient of reduction exists in the cell, 
that portion of the mucosal cell closest to the lumen of the gut being 
less reducing for ferric iron, and that portion closest to the blood stream 
having a higher reducing ability for ferric iron. No direct evidence, 
however, exists for this assumption. 

According to this hypothesis the iron would be absorbed in the 
ferrous form from the lumen of the gut into the mucosal cell. This 
passage is one-way. Once the iron enters the cell it never passes back 
again through this membrane. One possible explanation for this one- 
way movement might be that the ferrous iron once in the cell is rapidly 
oxidized and incorporated into ferritin. This would mean that the fer- 
rous iron is perhaps enzymatically converted to the special 3-unpaired- 
electron type of ferric hydroxide polymer. Apoferritin protein mole- 
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cules may be postulated to be constantly turning over, i.e., being formed 
and broken down. When the ferric hydroxide polymers attach to the 
protein to form ferritin, the ferritin is stabilized so that the feeding of 
iron would lead to the accumulation of the iron hydroxide protein 
compound, ferritin. 

Whether ferritin is directly connected with the mucosal bloc* or 
whether the presence of ferritin merely indicates that the cell is satu- 
rated with respect to some iron compound more closely allied with the 
mucosal bloc cannot be decided. 

At the blood stream end of the cell, it is postulated, the ferric iron 
of ferritin is reduced to ferrous iron by the reducing mechanisms of the 
cell and enters the blood stream to be autoxidized to the ferric state 
and attached to siderophilin in the presence of COz. The concentration 
of siderophilin does not appear to affect the rate of movement of iron 
from the mucosal cell into the blood stream. 

In uncomplicated iron deficiency anemia and other anemias, such 
as pernicious anemia, pyridoxine deficiency anemia, etc., the iron is 
absorbed more effectively into the blood stream. In these anemias the 
common. feature appears to be a low oxygen supply in the tissues 
brought about by a low hemoglobin content of the blood stream. The 
low oxygen supply would lead to a relatively anaerobic atmosphere in 
the mucosal cell and might bring about a faster rate of reduction of 
ferric ferritin to ferrous iron and thus more ferrous iron might leave the 
cell. 

According to this hypothesis, two mechanisms take part in regu- 
lating iron absorption in the mucosal cell. One is the mechanism of 
the mucosal bloc which is directly or indirectly connected with the 
ferritin content of the mucosal cells. The mucosal bloc may be regarded 
as a response to the cell being saturated with some iron compound. 
The second mechanism regulating iron absorption is postulated to be 
connected with the so-called “redox” level of the cell. The reducing 
systems are pictured as converting the ferric hydroxide micelles to fer- 
rous iron, the ferrous iron then diffusing into the blood stream. In 
anemic conditions, the lower oxygen content in the mucosal cell would 
favor the reduction. Thus ferrous iron, absorbed from the gut might 


* How can the presence of ferritin diminish the uptake of iron by the mucosal cell? One suggestion, 
purely hypothetical, is that some substance necessary for iron absorption in the cell might be 
removed from the cell and stored as ferritin. Only when the ferritin is broken down and the 
iron released would this substance be released. 
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stay in the ferrous form and move directly through this cell in this 
form. If conditions were normal, ferritin might be stored up and the 
bloc to further iron absorption would then be established. 


IV. HeMocHROMATOSIS 


Hemochromatosis is a disease characterized by an extensive deposi- 
tion throughout the body of ferric hydroxide polymers in the form of 
brown iron-staining granules. These iron-staining granules are called 
hemosiderin granules. The deposition of hemosiderin may be especially 
marked in the liver and pancreas. The spleen and bone marrow contain 
relatively little of the pigment.** *° 

This iron-containing pigment is also accompanied by another pig- 
ment devoid of iron, called “hemofuscin.” Hemofuscin may vary in 
color from gray to yellow to brown. It is very poorly characterized 
and may well represent several different substances, produced in the 
same or different cells as a result of abnormal cell metabolism. 

Hemechromatosis is an interesting disease to students of iron meta- 
bolism since this disease, appears to be a disorder connected with the 
absorption of abnormally large amounts of iron. Normally the total 
body iron may average 4-5 grams. In hemosiderosis the liver alone may 
contain 20 or more grams of iron. This accumulation of iron may be 
due to only a relatively slight increase in the efficiency of iron absorp- 
tion as compared with the normal, since the excessive accumulation 
may be a process that goes on over a period of 20-30 years before it is 
detectable. As has been mentioned before, in order to accumulate some 
30 gm. of iron over a period of 20 years as in cases of hemochromatosis, 
it would be necessary to accumulate about 3.5 mg. of iron per day, i.e., 
instead of the absorption of iron, from a meal containing 5 mg. Fe, 
being only 10 per cent efficient it would have to become 30 per cent 
efficient. 

The first organ to be generally affected is the liver. This organ is 
the primary storehouse for iron, the iron being normally present as fer- 
ritin. If iron continues to be brought to the liver the following sequence 
of events may be postulated: The liver will form ferritin up to its 
capacity. The excess iron probably will continue to deposit on the 
already existing micelles increasing their size, and the links between 
micelles will tend to unite ferritin molecules to form clusters that even- 
tually become large enough to be visible under the microscope (1.¢., 
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the hemosiderin granules). At the same time a portion of this iron may 
begin to spill over into other organs to be converted to ferritin and the 
excess finally to be deposited in the form of hemosiderin. 

This process of iron deposition which is postulated to take place is 
probably normal in so far as the iron is converted to the normal 3-elec- 
tron type of ferric hydroxide.** It has not been demonstrated that huge 
accumulations of iron in the form of ferritin and hemosiderin by them- 
selves will bring about cell destruction with consequent fibrosis. Rather 
does it seem more reasonable to consider that iron which is not con- 
verted to the proper kind of ferric hydroxide may bring on cell destruc- 
tion by precipitating proteins indiscriminately or perhaps by inactivat- 
ing one or more specific enzymes.* If an acute inflammatory disease 
should arise in a subject whose liver is laden with ferritin and hemo- 
siderin it is possible to conceive that the cells will not handle the iron 
properly at this time; and an excessive amount of an improper form of 
iron may then injure or irreversibly damage the cells. Another factor 
to be considered in hemochromatosis where ferritin is very high, is 
that injury to the liver may cause ferritin to escape into the blood stream 
leading to, vasodepressor action of ferritin and its sequelae. 

What factors may one postulate which might cause an excessive 
deposition of iron? 

1. An accumulation of iron may be brought about as a normal 
response to a lowered oxygen supply. For example, in nutritional 
anemias such as in pyridoxine deficiency, pernicious anemia, copper 
deficiency, nicotinic acid deficiency, etc., the mucosal cells respond to 
the anemic condition in a normal manner, by permitting a greater than 
normal amount of iron to enter. In hemolytic anemia also, a greater 
amount of iron will enter than in the normal. Mallory* has claimed that 
a hemolytic anemia arising from chronic poisoning with copper might 
lead to hemochromatosis. Although iron derived from hemolysis would 
be found in especially large amounts in the spleen and bone marrow, it 
is possible that a redistribution of iron will occur over a period of years 
so that if a low grade hemolytic anemia had once been present and 
eventually disappeared one might not be able to recognize the fact by 
studying the tissues of the hemochromatosis case. 

2. The hemochromatosis may be brought about as a result of ad- 


* For example Racker and Krimsky*! have called attention to the inhibitory action of iron on the 
important triose phosphate dehydrogenase enzyme. 
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Fig. 3A Fig. 3B 


A. Ferritin crystals from human duodenal mucosa of case of 
hemochromatosis. 


B. Ferritin crystals from liver of a case of hemochromatosis 
brought on by a large number of transfusions. 


ministering a large number of transfusions to a patient with hemolytic 
anemia. In one such case, after administration of about 200 blood trans- 
fusions the patient eventually died of hemochromatosis resulting from 
the iron liberated from the transfused blood. The liver was found to be 
extremely rich in iron and well developed crystals were obtained (Fig. 
3B). The heart muscle also was found to contain ferritin. Schwartz and 
Blumenthal® have recently reviewed a number of such cases. They 
have noted that often the number of transfusions administered was too 
small to account for the high iron content of the tissues. This suggests 
that the anemic patients over a period of years had absorbed large 
amounts of iron in response to the anemic condition. The additional 
accumulation of iron from transfusions of blood seemed to bring out 
the symptoms of hemochromatosis. 

3. Hemochromatosis may also be brought about by an inborn error 
of metabolism in the mucosal cells. Sheldon** has presented some evi- 
dence that this metabolic error may be inheritable. Lawrence** has 
described a family where the mother and two sons died of typical 
hemochromatosis, two sons had borderline cases, and two other sons 
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and three daughters were not affected. 

The blood values in hemochromatosis are not abnormal, averaging 
about 4.1 million R.B.C. and 80 per cent hemoglobin. A diagnostic 
sign of hemochromatosis is the high serum iron, the siderophilin protein 
being saturated with iron. Overcoming certain objections to previous 
techniques, Dubach et al in an: excellent study, have described a case 
of hemochromatosis in which a test dose of 70 mg. of ferrous iron was 
fed by mouth. Of this test dose 20 per cent was retained by the hemo- 
chromatosis patient whereas the normal would retain 2 per cent or 
less of such a dose. This is the first direct evidence demonstrating that 
in hemochromatosis iron absorption is greater than normal. 

Where does the abnormality lie in the mucosal cell which is respon- 
sible for hemochromatosis? We can examine this question only in the 
light of our limited knowledge. In terms of the hypothesis presented 
above (Fig. 2), two metabolic processes may govern the regulation of 
iron absorption by the mucosal cell. One is the sequence of reactions 
characterized by the mucosal bloc and related to ferritin turnover. The 
second is the process connected with the reducing ability of the cell. 

If the processes related to the mucosal bloc are responsible it might 
be possible to show that some defect may be present that is connected 
with ferritin formation. We have examined the tissues of a case of typ- 
ical hemochromatosis (i.e., cirrhosis of the liver, fibrosis of the myocar- 
dium) kindly provided us by Dr. R. West, with the idea that if the 
mucosal bloc were at fault then the mucosa might not form ferritin.*° 
This idea proved to be incorrect. Ferritin crystals were obtained from 
the mucosa (Fig. 3A) and relatively huge amounts of ferritin were iso- 
lated from the liver. This indicates that no defect is present in this par- 
ticular case of hemochromatosis, either in the formation of the iron 
hydroxide micelles which were of the characteristic 3-unpaired electron 
type, or in the enzymes connected with apoferritin and ferritin forma- 
tion. The finding of ferritin in the mucosa makes it less likely that fac- 
tors in the mucosal bloc may be involved. 

It seems more likely that the metabolic error in hemochromatosis 
might be due to a slightly greater reducing tendency of the cell for 
iron. This would permit somewhat more iron to pass to the blood stream 
than in the normal. The greater reducing tendency or lower “redox” 
level might arise either by an increased effectiveness of the reducing 
enzymes or might be brought about by a decrease in the effectiveness 
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of the oxidizing enzymes. 

To the practicing physician the practical question must be upper- 
most. What can be done for a patient with hemochromatosis? Little 
hope can be extended to a far-gone case except symptomatic treatment 
of cirrhosis, or the diabetes or heart involvement. 

However, there would seem to be already a rational approach to 
the prevention of hemochromatosis. The hemochromatosis of the nutri- 
tional variety is probably extremely rare in this country. We are then 
concerned primarily with the hemochromatosis due to metabolic error. 

1. Prevention and treatment depend on an early recognition of the 
development of this disease. A diagnostic sign is a rather high serum 
iron and an otherwise normal blood picture. If near relatives have had 
hemochromatosis there is all the more reason to be suspicious. 

2. A diet might be considered which would limit iron absorption 
first by complexing the iron and secondly by keeping iron in the ferric 
state. A diet high in phosphates especially in phytic acid would render 
the ferric iron highly insoluble. One might consider increasing the 
oxidizing activity of the diet by adding vitamin K as the naphthoqui- 
none. One might also decrease the intake of ascorbic acid in the food 
during meals to prevent the ferric iron of the food from being reduced. 

3. One might consider the feasibility of making the potential hemo- 
chromatosis patient a regular blood donor since bleeding would be the 
only direct way of removing accumulations of iron from the body. In 
hemochromatosis developed to the stage of liver or pancreas involve- 
ment, however, this procedure might not be advisable. 

4. An aim of the future, would be to study the metabolism of the 
mucosal cell in order to understand the factors governing the reducing 
mechanisms of the cell. Eventually one might attempt to control this 
activity by blocking one or another enzyme with some enzyme inhib- 
itor or anti-metabolite. 


In this talk I have attempted to summarize some of the aspects of 
our knowledge and hypotheses of iron metabolism and to relate them 
to the disease, hemochromatosis. The advances in our knowledge and 
changes in our viewpoint have been so great within the last 10-15 years 
that an important book on iron metabolism in relation to hemochroma- 
tosis by Sheldon, published in 1936, reads today like ancient history. I 
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hope that this rapid pace for advancing our knowledge of iron meta- 


bolism will continue and that this material which I have presented to 


you this afternoon will in turn shortly have the hollow ring of ancient 


history. 


to 


10. 


I should like to express my gratitude to Dr. L. Michaelis for his 
criticisms of this paper and his constant interest. 
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THE PRESENT STATUS OF 
VITAMIN Bis IN PERNICIOUS ANEMIA* 


Ek pwarp H. Reisner, JR. 


re « rROBE states in his book, Clinical Hematology—“A con- 
fusing array of ‘B vitamins’ . . . have been shown to be 

W related to blood formation.” In the past pyridoxine, 

riboflavin, nicotinic acid and folic acid have been shown 
Gesesesesesesa to play a role in hematopoiesis, and now vitamin Bie 
has been added to that group, It is the purpose of this paper to review 
briefly the steps leading up to the discovery of vitamin Biz, to discuss 
some of the facts we now know about it, and to show you the records 
of cases treated with it by Randolph West and myself. 

Iver since the discovery of the effect of liver in pernicious anemia, 
successively more potent extracts of liver have been produced in the 
effort to isolate the active antianemic principle. These attempts were 
retarded by the necessity to test the potency of liver fractions by tedi- 
ous clinical trial methods. With the discovery of folic acid a new 
technique of bioassay was developed, depending on the fact that cer- 
tain bacteria required folic acid to achieve optimum growth. In 1947 
Shorb' reported that the growth requirements of Lactobacillus lactis 
Dorner for liver extracts paralleled their antianemic potency. This pro- 
vided an in vitro method of testing the potency of such extracts and 
expedited the research culminating in the isolation from liver last year 
by Rickes and his associates’ of some reddish crystals, designated vita- 
min Biz. Simultaneously, the same substance was isolated by English 
investigators under Smith,* using the traditional clinical test methods. 

Vitamin Biz is a red crystalline substance with a molecular weight 
of 1630.* It contains cobalt, nitrogen and phosphorus but no sulphur.° 
It is extracted from liver in exceedingly small amounts and can also be 
obtained from a variety of sources in nature, including the manure of 
cows, chicks and other species’ and has recently been reported to be 
found in the liquor produced in the production of streptomycin. Its 
potency in the treatment of pernicious anemia was reported by West* 


* From the Fourth Medical Division (New York University), Bellevue Hospital, N. Y. Given Febru- 
ry 15, 1949 before the Section on Medicine of The New York Academy of Medicine. 
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and confirmed shortly by Spies* who also found it effective in sprue 
and nutritional macrocytic anemia. Its outstanding feature was its 
potency, doses as small as 4 micrograms being adequate to produce a 
maximal reticulocyte response. 

The first patient treated was a 66 year old white female with perni- 
cious anemia, a patient on the wards of the Kings County Hospital, 
made available to Dr. West through the courtesy of William Dock. 
Following a single injection of 150 micrograms a maximal reticulocyte 
response of 27 per cent was observed and the blood count rose to nor- 
mal and is still over four million, ten months later, with no further 
therapy. 

Having established the efficacy of the material, a series of trials 
was instituted to establish the limits of potency, using patients on the 
First and Fourth Medical Divisions of Bellevue Hospital. It was found 
that a single injection of as little as 3 to 6 micrograms produced a 
maximal reticulocyte response, and a total dose of 56 micrograms in one 
patient effected complete hematologic remission, which was maintained 
for four months before relapse, with no additional therapy. A dose of 
one microgram a day was found to give a maximal reticulocyte re- 
sponse and restore the blood count to normal. A daily injection of 
1/10 of a microgram was ineffective, but remission occurred when this 
was increased to %4 of a microgram daily. One-half a microgram daily 
gave a submaximal reticulocyte response. From these experiments the 
unit potency of Biz was fixed at approximately one unit per microgram, 
a unit being defined as the amount of antianemic substance required 
daily to effect and maintain hematologic remission in a patient with 
pernicious anemia. 

The next problem to investigate was the effect of Biz on the neu- 
rologic lesions of combined sclerosis. One of the Bellevue patients had 
exhibited early cord lesions at the onset of treatment with one gamma 
a day, and at the end of fifty-three days of treatment had a negative 
neurological examination. Four patients with more severe neurological 
disease were treated at the Columbia-Presbyterian Medical Center by 
Dr. West. The dose employed here was 25 micrograms a week. There 
was marked improvement in ability to walk, and gain in subjective and 
objective motor strength and coérdination. The neurologic signs such 
as Babinski and Romberg signs tended to diminish or disappear. Vibra- 
tory sense on the other hand improved slowly and only slightly. These 
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patients have now been followed for eight months, and on 25 micro- 
grams a week have maintained their improvement and shown no sign 
of relapse. In general the neurological results of treatment with Buz 
seem to be as satisfactory as those that might have been obtained with 
vigorous liver therapy. 

Meanwhile other workers have been investigating various aspects of 
Biz treatment and reporting their findings which will be briefly sum- 
marized. Hall* reported beginning disappearance of megaloblasts from 
the bone marrow as early as 18 hours after the injection of Biz. Bethell’® 
demonstrated that a substance probably the same as Biz was excreted in 
the stools of patients with pernicious anemia in relapse, and that this 
substance when extracted from their stools and given parenterally, 
caused remission. Berk et al'’ reported that when Biz was given by 
mouth it was ineffective unless gastric juice was given with it, an ob- 
servation confirmed by Hall.’* From these facts it has been suggested 
that the role of the intrinsic factor of Castle may be to promote the 
absorption of Biz from the gut, and Biz has been suggested to be the 
extrinsic factor. 

The question will at once be asked about the relationship of Biz to 
folic acid. Bethell’® reported that the response to Biz was inhibited by 
folic acid antagonists. Sturgis'* has reported that Biz is ineffective in the 
so-called pernicious anemia of pregnancy, which is cured by folic acid, 
and Luhby reports that Biz is likewise ineffective in the treatment of 
acute megaloblastic anemia of infancy, which also responds to folic 
acid. Folic acid and Biz probably operate at different levels in the 
process of hematopoiesis. 

It has been shown that thymine in a ratio of several thousand to 
one can replace folic acid in the growth requirements of Streptococcus 
lactis R™ and Lactobacillus casei.’ Spies'® gave thymine in similarly 
large doses to patients with pernicious anemia and sprue, and obtained 
restoration of the blood count. Like folic acid, however, thymine had 
no effect on the neurologic lesions in these conditions." Wright’® has 
shown that the growth requirements of L. lactis can be met by substi- 
tuting thymidine for Biz in a ratio of 10,000 to 1. Thymidine is the 
desoxyriboside of thymine and from the foregoing evidence it is tempt- 
ing to postulate that the role of folic acid is to act as a coenzyme in 
the formation of thymine, which is then converted to its desoxyriboside 
by the enzymatic action of Biz. We have attempted to treat patients 
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with pernicious anemia with thymidine in dosage up to 150 micro- 
grams, without notable effect. While such an hypothesis is attractive 
it is probably oversimplified and fails to take into account a wealth of 
accumulated evidence concerning the role in hematopoiesis of other 


19 


factors, including xanthopterin,*® and other pterins. Most recently a 
highly potent hematopoietic substance called Bis *” has been announced, 
but this claim is awaiting confirmation at present. 

Finally, the presence of cobalt in Biz is certain to excite interest 
because of the fact that this element has been implicated for many 
years in the production of experimental polycythemia.*! With the aid 
of its isotopes it is now possible to learn more about the fate of cobalt 
in the body,” and the presence of this inorganic ion in Biz may ulti- 
mately be of great help in studying the formation and role of this 
vitamin. Two of our patients were treated by West with cobaltous 
chloride with no effect, before they responded to Bie. 

To summarize, it would appear that vitamin Biz is identical with the 
long sought anti-pernicious anemia fraction of liver. It has an anti- 
anemic potency of one unit per microgram of crystalline substance, 
and brings about complete hematologic remission, and improvement of 
the neurological lesions comparable to that obtainable with liver. In 
the light of recent observations it would appear that our twenty-year-old 
concept of extrinsic and intrinsic factors in pernicious anemia may 
have to be modified, and to end in the vein in which I started, the 
“array of B-vitamins” has been extended, and the confusion, which I 
have tried tonight to dispel to some extent, is still very dense. 


REFERENCES 


Rickes, E. L., Brink, N. G., Koniuszy, 


i 


1. Shorb, M. S. Unidentified growth fac- 


tors for Lactobacillus lactis in refined F. R., Wood, T. R. and Folkers, K. 
liver extracts, J. Biol. Chem., 1947, 169: Vitamin B,, a cobalt complex, Science, 
455. 1948, 108 :134. 

2. Rickes, E. L., Brink, N. G., Koniuszy, 6. Shorb, M. S. Activity of vitamin B,, 
F. R., Wood, T. R. and Folkers, K. for the growth of Lactobacillus lactis, 
Crystalline vitamin B,, Science, 1948, Science, 1948, 107 :397. 

107 :396. 7. West, R. Activity of vitamin B,. in 

3. Smith, E. L. Purification of anti-peini- Addisonian pernicious anemia, Science, 
cious anemia factors from liver, Nature, 1948, 107 :398. 

1948, 161 :638. 8. Spies, T. D., Stone, R. E. and Aram- 

4. Smith, E. L. Presence of cobalt in the buru, T. Observations on the anti-ane- 
anti-pernicious anzemia factor, Nature mic properties of vitamin B,,, South. 
1948, 762:144, M. J., 1948, 41 :522. 











Ue 





Vitamin Bi in Pernicious Anenzia 





4 33 





9, 
+ 
10. 
ll. 
12. 
13. 
14, 








Vita- 


in pernicious anemia; 


Hall, B. E. and Campbell, D. C. 
min B,, therapy 


effect on hematopoietic system: prelimi- 


nary report, Proc. Staff Meet., Mayo 
Clin., 1948, 20 7584. 

Bethell, F. H., Meyers, M. C. and Ne- 
ligh, R. B. Vitamin B,, in pernicious 
anemia and puerperal macrocytic ane- 
mia, J. Lab. & Clin. Med., 1948, 
1477. 


Berk, L., Castle, W. B., Welch, A. G., 
Heinle, R. W., Anker, R. 


M. Observations on the etiologic rela- 


and Epstein, 


tionship of achylia gastrica and perni 


cious anemia; activity of vitamin B5,, 
as food (extrinsic factors), New Eng- 
land J. Med., 1948, 289-7911. 

Hall, B. E., Morgan, E. H. and Camp- 
bell, D. C. Oral administration of vita- 
min B, in pernicious anemia, Proc. 


Staff Meet., Mayo Clin., 1949, 24:99. 
Sturgis, C. Advances in our knowledge 


concerning the etiology and treatment 


of hematological disorders, Bull. New 
York Acad. Med., 1949, 25:84. 
Snell, EK. E. and Mitchell, H. K. Purine 


and pyrimidine bases as growth sub- 


lactic acid bacteria, Proc 


1941, 27:1. 
R. Isolation of a 


stances for 


Nat. 
Stokstad, 


Acad. Se., 


nu- 








18. 


19, 


20. 





cleotide essential for the growth of 
Lactobacillus casei, J. Biol. Chem., 1941, 
159 :AT5. 

Frommeyer, W. B., Jr., Spies, T. 
Vilter, C. F. 
observations of anti-anemic properties 


Lab. & 


D., 
and English, A. Further 
of 5-methyl uracil (thymine), J. 
Clin. Med., 1946, 61 :643. 

D. and Stone, R. 


tract, folic acid, and thymine in perni- 


Spies, T. kK. Liver ex- 


cious anemia and subacute combined 
degeneration, Lancet, 1947, 1:174. 
Wright, L. D., Skeggs, H. R. and Huff, 
J. W. 
place vitamin B, as a 
for certain lactobacilli, J. 
1948, 175 :475. 


Simmons, R. W. 


The ability of thymidine to re- 
growth factor 
Biol. Chem., 


Norris, E. R. 


factor, 


and 
the fish 
1941, 740:679. 

Majnarich, J. J. 


Xanthopterin, anemia 
J. Biol. Chem., 
Norris, E. R. 


Vitamin B,, and cell proliferation, Sci- 


and 


ence, 1949, 109 732. 
Shils, M. E. and McCollum, E. V. The 
trace elements in nutrition, J.4.M.A., 


1942, 120 :609. 
Comar, C. L., Davis, G. K. and Taylor, 
R. F. 
active cobalt procedures with rats and 
cattle, Arch. Biochem., 1946, 9:149. 


Cobalt metabolism studies; radio- 








THE BULLETIN 














PAIN IN THE LUMBOSACRAL REGION* 


Jerrerson Browder 


Professor of Clinical Surgery and Clinical Professor of Neurology 
Long Island College of Medicine 


@Sesesesesese<acKkACHE both with and without radiation of pain into 
the lower extremities is an exceedingly common com- 
plaint. It impairs the efficiency of thousands of manual 
workers, curtails the activities of some seeking physical 

Beseseseseses) recreation and accounts for the acid disposition of many 
an otherwise pleasant housewife. Last year alone, some 2200 patients 
with pain in the lower back were considered by the officials of the New 
York State Industrial Commission and other thousands consulted ortho- 
pedic surgeons, neurosurgeons, osteopaths and chiropractors. The fact 
that many of these wander from doctor to doctor as well as to members 
of legally unrecognized healing cults clearly indicates that we are as 
yet incapable of determining the nature of many of the lesions that 
produce pain in the lower part of the back and that there is no specific 
therapy for a large number of these sufferers. To label such complaints 
as sacroiliac strain, arthritis, or one of a host of other appelations that 
mean nothing and certainly bring little, if any, help to the patient, tends 
to terminate investigation that may eventually lead to a correct diag- 
nosis. It seems best that the “book be kept open” for those with back- 
ache of undetermined cause, and gradually, as in the case of herniated 
intervertebral disc, other clinical syndromes may be delineated from 
the stock pile of patients with low back pain. 

It is therefore appropriate to first consider the syndromes character- 
ized by pain limited to the lower back. In most instances the pain is 
relatively sudden in onset, usually precipitated by physical exertion and 
often aggravated by any movement of the lower vertebral column. 
Frequently the patient states that at the outset “something tore loose 
in my back” or “something slipped out of place.” In others, the initial 
discomfort is relatively mild but after a night’s rest they are unable to 
get out of bed or, once up, are unable to dress themselves. Those so 


* Read November 5, 1948 in Friday Afternoon Lecture Series at The New York Academy of 
Medicine 
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afflicted walk with a cautious gait and many have a slight limp. The 
trunk may be tilted forward or laterally and the upper extremities may 
be carried in slight abduction to aid in balance. Difficulty in arising 
from a sitting position is common and to retrieve an object from the 
floor is impossible. The pain is described as a continuous boring ache 
deep in the middle of or to one or the other side of the lumbar region 
of the back. During periods of exacerbation the pain tends to spread 
over the buttocks and into the upper thighs. Lying supine on a hard 
surface usually gives considerable relief. Examination is usually not 
very enlightening. The normal lumbar lordosis is obliterated in some, 
more often the sacrospinalis muscles are unduly prominent due to con- 
tinuous spasm. These paravertebral muscles on one side may be more 
spastic resulting in mild to moderate scoliosis. Flexion, extension and 
lateral mobility of the trunk are limited, and commonly painful. By 
mild percussion one may demonstrate a well localized area of tender- 
ness. In the supine position the pain in the back is aggravated by flexing 
the thigh with the leg in the extended position and this is usually more 
evident on one side. The tendon reflexes of the lower extremities are 
seldom changed and there is no alteration in the cutaneous sensibilities 
except in some patients there may be increased skin sensitiveness over 
the lower lumbar area. Early in the course of the disease roentgen-ray 
examination is seldom helpful. The abnormal posture of the spine may 
be demonstrable, an intervertebral space mildly narrowed, or in the 
older age group an.overgrowth of bone at the vertebral margins may 
be observed. Narrowing of an intervertebral space as well as so-called 
hypertrophic arthropathy of the spine are too commonly observed in 
patients without pain for one to assign these as common causes for the 
acute disorder under consideration. Rarely, the protein content of the 
cerebrospinal fluid is moderately elevated and this without clinical evi- 
dence that the intradural structures are implicated. When all the avail- 
able evidence is evaluated one is often forced to conclude that the 
patient has “pain in the lower back . . . cause unknown.” There are, 
however, a few patients with this syndrome who have changes in the 
vertebrae demonstrable by roentgen-ray examination. One may arrive 
at an accurate conclusion regarding these and carry out appropriate 
definitive therapy. 

For those of unknown etiology, conservative palliative measures are 
indicated followed by repeated observation including roentgen-ray 
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examinations of the involved part. The spasm of the paravertebral 
musculature which seems to be nature’s attempt to immobilize the spine 
points the way for palliation. By and large, the more complete the 
immobilization the more effective the relief from pain. It is evident that 
complete immobilization is impossible in ambulatory patients. Effective 
limitation of movement of the trunk may be obtained by a 14 to 16 
inch corset laced snugly about the lower thorax and pelvis. Other 
patients may be made more comfortable by a plaster of paris jacket and 
for still others a period of complete bed-rest is necessary. There are a 
few who will eventually require internal fixation by fusing the distal 
vertebral segments to the pelvis. It is always most important to remem- 
ber that in the instances in which the causative factor for the pain has 
never been determined, periodic re-evaluation of the problem as if 
one had never seen the patient before will occasionally disclose the 
reason for the continued pain. Certainly surgical intervention should 
seldom be carried out for pain limited to the lower back unless the 
diagnosis is obvious and such therapy is clearly indicated. 


Pain iN THE Back Whrruw Raptatinc Pain INtTo 
One Lower ExtreMITY 


Not infrequently a pathological process in the lower lumbar region 
will result in pain limited to this area and later as a nerve root or roots 
become implicated the pain begins to radiate into one lower extremity. 
A long list of such lesions could be compiled, however, the ones com- 
monly encountered are: fractures of vertebra, herniated intervertebral 
disc, spinal epidural or metastatic tumors (later involving both lowers), 
spinal epidural abscess, osteomyelitis, paravertebral metastatic tumor. 

Of these, the outstanding examples are herniation of a part of an 
intervertebral disc and carcinomatous metastasis of the spinal column. 
Patients with the syndrome of herniated disc are more frequently en- 
countered in office practice whereas in large municipal hospitals, car- 
cinoma that has metastasized to the spine is an exceedingly common 
cause of “sciatica.” The early symptoms of most patients with herniated 
disc are referable to the lower back. After several bouts of pain in the 
lower back, usually precipitated by bending or lifting and lasting from 
a few days to weeks, the patient begins to have pain in one buttock, 
along the posterolateral aspect of the thigh, in the lateral aspect of the 
leg and often terminating in the posterior part of the ankle. In some 
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the pain extends into the lateral aspect of the foot involving the fourth 
and little toes; in others the pain extends across the dorsum of the foot 
into the great toe. Pain in the back, buttocks, thigh, leg and outer side 
of the foot suggests a herniation of the fifth intervertebral disc whereas 
pain as above described radiating into the big toe suggests a herniation 
of a part of the fourth lumbar intervertebral disc. In addition, hernia- 
tions at the fourth interspace often cause pain in the groin and this, if 
present, is usually experienced before the pain has extended into the 
lower extremity. It therefore may be said that in most instances the 
symptoms and abnormal physical signs that a patient should have before 
he is subjected to operation are: recurring attacks of pain or stiffness 
in the lower back with radiation of pain along the posterolateral thigh, 
“through” the knee into the calf or lateral aspect of the leg; numbish 
feeling in the lateral aspect of the leg; relative freedom from pain 
between attacks; moderate to marked fixation of the lumbar spine by 
muscle spasm; mild scoliosis (usually the lumbar spine is tilted away 
from the side of the lesion but under certain circumstances may be tilted 
toward the lesion); tenderness to percussion over the site of suspected 
herniation; mild diminution to absence of the ankle jerk; slight atrophy 
of the involved leg if symptoms are long-standing; hypalgesia of the 
anterolateral leg and medial dorsal part of the foot in lesions at the L4 
level; hypalgesia of the lateral leg and lateral one-third of the foot in 
herniations zt the Ls level. Variations of symptoms will be encountered 
with herniations at these common sites for the lesion (L4 and Ls inter- 
vertebral levels) and, as would be expected, the distribution of pain 
associated with the uncommon herniations at the L1, L2 and L3 levels 
will be in accord with the spinal nerve root implicated. One should not 
rely on narrowing of an intervertebral disc as disclosed on plain x-ray 
films as an indication of the presence of a herniation at the level of the 
narrowing. Narrowing of the disc may be associated with dorsolateral 
herniation of a part of the disc; however, in the majority of instances 
this is not the case. Furthermore, one should not subject a patient to 
myelography unless there are unusual symptoms and physical signs 
that cannot be interpreted without the aid of this examination. A cor- 
rect diagnosis is possible on clinical grounds alone in ninety per cent 
of patients with herniations of a part of the fourth or fifth intervertebral 
disc in need of surgical therapy. If there is doubt regarding the cause of 
the pain, be conservative. This implies relative immobilization of the 
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lumbar spine either by bed-rest or external appliances and the adminis- 
tration of analgesics for a few days to bring the acute pain under con- 
trol. Paravertebral injection of a solution of novocaine will at times 
give some relief but the results are too uncertain for the method to be 
generally applicable. 

Any pathological process involving a single nerve root (Ls and S1 
in particular) may give rise to symptoms and signs comparable to those 
of herniated disc. The most common lesion, however, causing pain in 
the back and one lower extremity to be differentiated from herniated 
disc is metastatic carcinoma. Perineural extension of the cancer into the 
region of the fourth or fifth lumbar intervertebral foramen may result 
in symptoms simulating herniated disc. Pain due to cancer of the distal 
lumbar spine is usually continuous: mild, early in the course of the 
disease, but gradually becoming unbearable. Even the most severe pain 
caused by herniated disc is usually somewhat relieved by the recumbent 
position whereas the pain of cancer is seldom altered by change of 
posture. This is particularly true regarding the pain in the back. As a 
rule, by the time metastatic carcinoma of the spine has advanced suffhi- 
ciently to cause pain in one or both lower extremities, destructive 
changes in the vertebral bodies are demonstrable by roentgen-ray exam- 
ination. Not infrequently patients are encountered complaining of pain 
in the back with radiation along the anterior aspect of the thigh, 
numbish feeling in this area and diminution to absence of the knee 
jerk. As in the other syndromes, a variety of causative factors may be 
disclosed, however, this particular symptom-complex is most commonly 
the result of paravertebral metastasis or an extension into the paraver- 
tebral region of a regional malignant process. The spinal nerves are 
often implicated paravertebrally long before the vertebral bodies are 
involved. Not infrequently it is necessary to perform myelography to 
differentiate a lesion so placed from a neoplasm within the spinal canal. 


Paw iw THE Lower Back Wrrn RaptatinGc PAIN 
Into Boru Lower EXTREMITIES 


Except in examples of accidental trauma and in some instances of 
inflammatory lesions of the cauda equina, one seldom encounters pa- 
tients who have had pain appearing simultaneously in both lower ex- 
tremities. Regardless of the nature of the pathological process, those 
patients who eventually have pain in the back and both lower extremi- 
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ties usually have the initial pain limited to the back; later in the course 
of the disease there is pain in one thigh or leg and finally radiation of 
pain into both lower extremities. The following are some of the lesions 
that produce this syndrome: fracture of vertebra, intradural tumor, 
metastatic tumor of vertebra, herniated disc (occasionally), vertebral 
osteomyelitis (pyogenic, tbc.), postmeningitic adhesions (cauda equina). 

New growths, either metastatic or primary, are the leading causes 
for radicular pain involving both lower extremities. Only rarely may 
large herniations of an intervertebral disc produce pain in both legs. 
The primary neoplasms are most often located in the vertebral canal, 
some epidural, others within the dural envelope. Those outside the dura 
but within the spinal canal are frequently extensions from a malignant 
process elsewhere, the lymphoblastomas being the most common. Those 
within the dura are for the most part gliomatous, arising from the filum 
terminale; however, a more benign tumor belonging to the meningioma 
group is occasionally encountered in the lumbar region. A more elabo- 
rate description of the symptoms and signs resulting from compression 
of the cauda equina seems inappropriate here. Suffice it to say that all 
patients with pain in the back and both lower extremities should be 
studied critically for a malignant process that has metastasized to the 
distal lumbar spine. In the absence of evidence of such a process in the 
vertebra, myelography may be indicated. Many of the primary neo- 
plasms that grow within the dura lend themselves to total removal, how- 
ever, it is seldom that those located in the epidural space can be cured 
by surgical therapy. The continued growth of these as well as the 
metastatic tumors of the vertebral bodies often produce intractable pain. 
Temporary respite may be obtained by intensive roentgen-ray therapy. 
Sooner or later it becomes necessary either to interrupt the pain- 
carrying pathways of the spinal cord by anterolateral cordotomy 
or, in some instances, to perform prefrontal leucotomy. Formerly only 
the spinal operation was available and this never was too satisfactory 
due to the fact that when performed on both sides of the cord, unde- 
sirable and troublesome disturbances in the urinary and anal sphincters 
ensued. Therefore this operation is being replaced by the prefrontal 
lobotomy. It is thought by some that appropriate division of the fiber 
pathways in one frontal lobe suffices, thereby obviating the intellectual 
blunting that may follow the operation when performed bilaterally. 
In our experience the one-sided procedure does not give satisfactory 
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results and in all the patients in whom this was carried out, the com- 
plaints of severe pain returned, necessitating the section on the other 
side. Recently it has been stated that the operation called topectomy t 
now being investigated by the group at the New York Neurological 
Institute has been effectively employed for the control of pain. It is too 
soon to evaluate this procedure. 

Finally, in all situations that have been listed in the three categories 
under consideration, surgical therapy should be employed only when 
the evidence available indicates a lesion amenable to such therapy. All 
patients with pathophysiological disturbance of unknown pathogenesis 
should be temporarily treated empirically but critically reviewed at 
intervals in an attempt to arrive at a correct diagnosis. 
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An Evaluation of the Munips Skin-Test in Pediatric Practice 
Avrrep L. FrormMan,* Avrrep E. FiscHer and 
Ravtpw E. MoLosHok 
Pediatric Service and Division of Bacteriology of the Mount Sinai Hospital 
New York Ciry 
Ihe intradermal inoculation of killed thema was sometimes faint and its edges 
mumps virus was introduced in 1945 by En- poorly differentiated. All of the first cases 
ders, Cohen and Kane as a measure of re- gave negative reactions during acute illness. 
sistance to mumps infection. The test gives When 6 were retested several months later 
a tuberculin-like reaction. Those who have 5 had become clearly positive and one ques- 
had clinical or inapperent mumps previously — tionably so. Among the contacts there were 
react positively. 60 positive and 49 negative skin-tests. Only 
This test was employed during 1948-1949 one half of the positive reactors definitely 
in the course of a study of the epidemiology — recalled having had the disease. 
of mumps in household groups such as are Within the following 3 weeks, 12 of the 
seen in private pediatric practice in New contacts became ill with clinical mumps. 
York City. The antigen was formalin killed Only one of these contact cases was among 
egg grown virus partially purified by centri- the positive reactors and 11 were among 
fugation. Forty households were selected those with negative skin-tests. Since the 49 
in which at least one member was ill with negative reactors consisted of 22 adults and 
the disease. Skin-tests were performed on 27 children, it is significant that 10 of the 
135 individuals, 26 of whom were first cases secondary cases occurred among the chil- 
and 109 of whom were contacts. Among the dren. 
contacts there were 80 adults and 29 chil- It is concluded that although the test is 
dren. useful in determining susceptibility to 
The reactions, especially among the chil- mumps, a positive skin reaction is not the 
dren, were often difficult to read. The ery- sole indicator of resistance. 
* Aided by a grant from the Sara Welt Foundation. 
Hypermetabolism Without Hyperthyroidism 
SoLoMon Sitver, Epwarp B. Croxun and Puitip Porto 
‘ The Medical Service and the Laboratories of the Mount Sinai Hospital 
i New York City 
It is an accepted fact that there are is present. Clinicians have known for a long 
clinical conditions in which the basal me- time that many of the patients suffering 


tabolic rate is elevated in spite of the fact 
that none of the features of hyperthyroidism 








from hypertension, polycythemia, leukemia, 
malignant lymphomas, generalized or local- 
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ized malignant growths, Paget's disease of 
the bones, and other diseases frequently 
present an elevation of the basal metabolic 
rate. It is also well recognized that these 
patients do not present the classical signs 
of hyperthyroidism and the pathological 
changes in the thyroid gland do not suggest 
the typical hyperplasia and other alterations 
of Graves’ disease. 

We have attempted to study thyroid func- 
tion in this group of patients with elevated 
basal metabolic rates by determining the 
level of the non-dialyzable (protein-bound) 
blood iodine and the urinary excretion of 
tracer doses of I 131. 

Both of these methods show constant 
changes in hyperthyroidism. In this disease 
the “hormone” iodine is consistently elevated 
in the blood and the urinary excretion of 
tracer doses of I 131 is reduced due to the 


increased avidity of the thyroid gland for 
iodine. 

In a_ series of over 100 consecutive 
patients suffering from the diseases outlined 
above whose metabolic rates were elevated 
and who presented no clinical signs of 
Graves’ disease, we determined the blood 
iodine levels in all and the I 131 excretion 
in some. Without exception, the blood iodine 
levels and I 131 excretion were normal in 
spite of very marked clevations of the basal 
metabolic rate. 

Summary: In hypermetabolic states not 
due to hyperthyroidism, the function of the 
thyroid gland is normal as measured by the 
level of the protein-bound blood iodine and 
the urinary excretion of I 131. The increased 
metabolism in these disorders is apparently 
not mediated through the thyroid gland. 





The Association of Interatrial Septal Defect and Anomalies 
of the Osseous System 


B. S. Oppennemer, N. S. BLACKMAN and 


ARTHUR GRISHMAN 


The Cardiovascular Research Group of the Mount Sinai Hospital 
New York City 


The association of congenital defects of 
the heart with those of the locomotor system 
is relatively rare. Arachnodactyly has been 
reported in combination with interatrial 
septal defect and with congenital aneurysm 
of the aorta. Achondroplasia in association 
with patent ductus arteriosus has been 
mentioned once in the literature. We have 
observed several cases of congenital cardiac 
defects in patients with rare anomalies of 
the osseous system. The congenital cardiac 
anomaly encountered was invariably an 
interatrial septal defect either alone or in 
association with a congenital mitral stenosis. 
Five illustrative examples of the association 
of such a congenital cardiac anomaly with 
various abnormalities of the osseous system 
are herewith reported 

In the first 2 patients (grandfather and 
grandson) the family history is of particular 


interest, as depicted in the accompanying 


geneological chart. The grandfather (case 
1) is an achondroplasie dwarf, with poly- 
dactyly of the hands, interatrial septal de- 
fect, hypertension, coronary artery disease 
and congestive heart failure. 

The grandson (case 2) now an Il-year 
boy presents the following congenital 
defects: achondroplasia, polydactyly, syn- 
dactyly and interatrial septal defect with 
congenital mitral stenosis (Lutembacher’s 
syndrome). 

In the third case, no congenital stigmata 
are known to exist in the family. He is a 
12-year old boy. His bony deformities con- 
sist of congenital synostosis of several 
cervical vertebrae (Klippel-Feil syndrome), 
bilateral multiple anomalies of the carpal 
bones, cervical ribs and subluxation of the 
right thumb. His cardiac anomaly is an 
interatrial septal defect. 
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ro Q NEGATIVE FOR CONGENITAL ANOMALIES 
Patient 4 is a 2l-year old male whose 
parents are first cousins, but free of con- 
genital has _ poly- 
dactyly 
daughter, and his first cousin’s daughter. 


anomalies. The patient 
and so has his sister, her only 
None of the members of his family have 
heart disease. The patient himself is only 
4 feet 91/, inches tall, weighs 9034, lbs. and 
is of proportionate build, with almost no 
pubic, facial or axillary hair. Polydactylism 
and webbing of the second and third toes 
of both feet are present. His cardiac anom- 
aly is Lutembacher’s syndrome. He is a 
hypophyseal dwarf. 

The fifth patient, a 6-year old girl, was 
the first member of her family to be afflicted 


A.~ ACHONDROPL ASIA 
L.S- LUTEMBACHER'S SYNOROME 


R- POLYDACTYLY S.-SYNDACTYLY 


LASD.— INTER ATRSEPT. DEFECT. 


with multiple congenital anomalies. She has 
polyphalangism of both thumbs associated 
with bilateral absence of opponens action 
of these digits. The cardiac lesion was a 
Lutembacher’s syndrome. 

We find that the congenital cardiac lesion 
when associated with congenital bony defect 
is usually an interatrial septal defect, with 
or without congenital mitral stenosis. The 
familial occurrence of the osseous anomalies 
in 3 patients indicates that the cause can 
hardly be ascribed to an intra-uterine fault. 
The presence of an interatrial septal defect 
in all of the 5 cases suggests that the lesion 
is rather of genetic than of intra-uterine 


origin. 





Sinmultaneous Left and Right-Sided Intracardiac Electrocardiography 
in Man: Right Bundle Branch Block 


A. SELIGMANN, M. F. Srersere, I. G. Kroop 
and A. GrRISHMAN 


Catheterization of the right cardiac cham- 
bers and pulmonary artery has been widely 
applied to the study of cardiac dynamics 
and for the analyses of right sided intra- 
cardiac potentials. Retrograde catheteriza- 
tion of the aorta from the femoral, brachial, 
or axillary artery has been employed for 


direct aortography. As yet, retrograde left 
cavity catheterization for the study of hemo- 
dynamics or cavity potentials in humans 
has not been reported. During our intensive 
study of cavity surface, esophageal, chest 
and potentials in we 


extremity man, 


thought that the simultaneous recording of 
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right and left sided cavity potentials would 
be important. Patients with right bundle 
branch block permit particularly well the 
analyses of the initial ventricular deflection 
in the left ventricular cavity without inter- 
ference from right ventricular activity. 
The retrograde catheterizations of the 
left ventricle were carried out from either 
common carotid artery. The radio-opaque 
catheter was either a No. 3.5 French fitting 
through a No. 16 gauge needle or a No. 
5.0 French fitting through a No. 13 gauge 
needle. With direct surgical exposure as 
done for cerebral arteriography, the needle 
with the catheter was inserted into the 
common carotid artery and directed against 
the blood stream towards the aortic valve. 
The catheter was positioned under fluoro- 


scopic control with the needle remaining in 


=> 


the carotid artery. There is less trauma to 


the arterial wall if the needle remains in 
position and serves as a_ sleeve for the 
catheter. Retrograde passage through the 
aortic valve was very difficult because of 
the high forward pressure. It was best 
accomplished by allowing the catheter to 
form a coil. The catheter for recording 
the right cavity potentials was introduced 
into an antecubital vein of either arm. Spot 
films were taken whenever electrocardio- 


grams were recorded. 


Because this study was of investigative 
nature, patients with advanced metastatic 
malignancy were chosen as subjects. 

The electrocardiogram in the case of the 
right bundle branch block to be demon- 
strated shows the following: 

Left ventricular cavity: deep QS pattern 
with a terminal second QS shaped wave and 
positive T-wave. The stimulus traversing the 
septum from left to right, reaches the right 
ventricular cavity in 0.025 sec. 

Right ventricular cavity: the _ initial 
R-wave reaches its peak in 0.02 sec. and 
the second R wave in 0.08 sec., evidence of 
marked delay of right ventricular stimula- 
tion. The T wave is inverted. 

These findings are identical with those 
obtained by Wilson et al. in animals. In 
normal individuals, right ventricular cavity 
leads often but not invariably show an 
initial R-wave. In this case of right bundle 
branch block the left ventricular cavity 
lead shows a QS wave. It therefore appears 
that in humans as in canines the stimulus 
to the ventricles reaches the left portion of 
the septum first and only then spreads to 
the right side. 

Studies are in progress to supplement 
these studies with left ventricular catheter- 
izations via the pulmonic veins which are 


exposed during pneumonectomies. 





Anomalous Atrioventricular Excitation Produced By Catheterization 
of the Normal Human Heart* 


Bertua Raper, Apotpw R. Bercer, STANLEY A. BrRILLER, 
JosepH Brumuik and Cuartes E. Kossmann 


Department of Medicine, New York University College of Medicine, and the 


Adult Cardiac Clinic of the 


Third (New York University) 


Medical Division, Bellevue Hospital, New York 


In the course of a comprehensive study of 
the intracardiac potentials developed during 
electrical activity of the human heart we 
have on two occasions, while manipulating 
the catheter, seen what appeared to be 
anomalous atrioventricular excitation (pre- 
excitation) in normal subjects. In both 
instances the abnormal rhythm occurred 


while the catheter was being moved in the 





heart or just after movement had ceased. 
On one occasion there was some aberration 
of the ventricular ccmplex in the intra- 
cardiac record which was not reflected at all 
in the simultaneously recorded external lead. 
On other occasions, ordinary premature 
systoles of ventricular origin occurred. 
The data may be interpreted in one of 


three ways: 1) the catheter increased the 
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rhythmicity of a center in the ventricular 
muscle which then fortuitously discharged 
at a rate similar to, but preceding, impulses 


from the sinoatrial node; 2) the catheter 
itself, extending as it does through the right 
atrium, was moved by contraction of this 


chamber to a sufficient degree to make more 
distal parts of it in the ventricle stimulate 


the latter prematurely, probably in the 
region of the upper right side of the inter- 
ventricular septum; 3) the catheter in- 
creased the irritability of a ventricular 
center which was then discharged _pre- 


maturely by atrial systole, either electrical 
or mechanical. 

By indirect reasoning, the third interpre- 
to 
In the past, two mechanisms have been 


tation is believed be correct. 
advanced to explain the spontaneous occur- 
of the of 


under discussion. One of these is anatomical, 


rence type electrocardiogram 


the other physiological. The former ascribes 
anomalous atrioventricular excitation to the 
existence of one of several anomalous path- 
ways of conduction between the atria and 
the ventricles. A fallacy of the anatomical 
concept has been to ascribe a function of 
conduction to a tract simply because it has 
been found to exist at necropsy in a patient 
known to have shown the abnormal electro- 
cardiogram during life. Adequate attention 
does not seem to have been paid to control 
observations; it is not known what number 
of such tracts at 
necropsy who never had the abnormal elec- 


subjects will display 
trocardiogram during life. 

The data presented do not disprove the 
anatomical concept but do revive interest 
in a possible physiological approach to a 
final understanding of the exact mechanism 
in anomalous atrioventricular excitation. 





Ergotamine Tartrate and the “2-Step” Exercise Electrocardiogram in 
Functional Heart Disturbance and in Organic Heart Disease 


Leon Porpy, JosEpH Koitker, Mortimer J. BLUMENTHAL 


and ARTHUR 


Patients with severe neurotic complaints, 
including chest pain, may exhibit pronounced 
RS-T depressions and ‘T-wave inversions in 
the “2-step” exercise electrocardiogram and 
in the 10 per cent oxygen test, indistinguish- 
able from those found in organic heart 
disease. Because of the obvious clinical im- 
plications stemming from these facts, we 
have attempted to elucidate the mechanism 
of the electrocardiographic aberrations in 
psychoneurotic subjects following the “2- 
step” exercise test and to offer a means for 
of 


disturbance. 


the differential diagnosis organic and 


functional heart 
The “2-step” exercise tolerance test was 
performed in ten patients with signs and 
symptoms referable to the heart before and 
after the of 


ergotamine tartrate. In the five cases which 


intravenous administration 


were classified as functional the “2-step” 


exercise test was positive before ergotamine 





M. MAsTER 


In 
with 


but 
the 
organic coronary artery disease the “2-step” 


negative after its administration. 
five cases known to be affected 
test was positive both before and after the 
ergotamine injection. In other words, in 
the patients with functional heart disturb- 
ance there was consistent prevention of 
electrocardiographic abnormalities following 
exercise by ergotamine, whereas in patients 
with organic coronary artery disease the 


administration of ergotamine did not alter 


the abnormalities which appeared after 
exercise. 

Ergotamine was administered intraven- 
ously in % to 1%, mg. doses. The effects 
hecame marked in 15 to 30 minutes and 
lasted one hour or more. A drop in pulse 
rate of 20 to 30 beats per minute was 


common along With a rise in blood pressure 


of 20 to 40 mm. of mercury. Elevation of 
observed. 


T-waves was 
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Ihe exact mechanism of alteration of the 


RS-T segments and T-waves of patients 


with functional disorder is unresolved. 


Lability of 
diminution in coronary blood flow or direct 


the autonomic nervous system, 


nervous effects on cardiac metabolism have 
been suggested. 

It has been accepted that ergotamine is 
adrenolytic and sympatholytic in the dose; 
employed in experimental animals, usually 
of the 0.05 to 0.1 mg/kilo boxy 
that 


dosages employed clinically in) man 


order of 


weight. There is no definite evidence 


in the 
mg.) it possesses similar properties. 


he complicated effects of ergotamine tar- 


(0.5 


trate on the heart, including its poorly 
understood nervous system effects, and the 
vasoconstrictive action on the coronary ves- 
sels preclude any simple explanation of its 


effects on the electrocardiogram of neurotic 


patients. Despite the theoretic uncertainties 
touched upon above, its effects are quite 
definite in the prevention of abnormalities 
in the electrocardiogram of patients with 
functional heart disorders. 

The side reactions to ergotamine tartrate 
given intravenously were nausea, vomiting, 
and in two of the patients with coronary 
artery disease, attacks of angina pectoris. 
The 


contraindicated 


routine clinical use of ergotamine is 
in such cases because of its 
anginal provoking properties. 

Further studies on the relationship of the 
vegetative nervous system and the electro- 
cardiogram with the newer autonomic drugs 
may elucidate some of the problems raised 
by this study and provide accurate clinical 
functional from 


methods for distinguishing 


organic heart disease. 





Effect of An Adrenolytic Conrpound, Dilbydroergocornine, on 
Epinephrine-Induced Stinnlation of the Adrenal Cortex* 


STaNLey AucGust and RicHAarD GUBNER 


From the 
United States, and the 

Epinephrine has been shown by Vogt to 
be a physiological stimulus to the produc- 
cortical hormone, 


adrenal presum- 


tion of 
ably 


hormone of the anterior pituitary 


mediated via the adrenocorticotrophic 
(Long). 
this 
idaptation syndrome ot 


Because of the possible bearing of 
mechanism on the 
Selve, and also on the question of neuro- 
hormonal interrelationships in hypertension 
thought of 


stimulation of the 


it was interest to investigate 


whether the adrenal 
cortex by epinephrine could be inhibited by 
adrenolytic compounds. Dihydroergocornine 
has been shown to possess potent adreno- 
Ivtic and sympathicolytic actions, ie., inhi- 
bition of excitatory epinephrine effect on 
rabbit uterus, inhibition of epinephrine in- 
duced hyperglycemia. inhibition of relaxing 
effect of epinephrine on intestine (Rothlin), 
diminution of pressor response, tachycardia 


and mydriasis following epinephrine (Freis, 





Medical Research Department, Equitable Life Assurance Socitey of the 
Department of Medicine, Long 


Island College of Medicine 


Wilkins). 


index of adrenal 


Stanton and 


As an cortical stimula- 
tion the fall in eosinophiles and lymphocytes 
produced by epinephrine was studied, em- 
ploying the Laragh modification of the test 
described by Thorn and co-workers. Follow- 
ing control eosinophile and lymphocyte counts 
0.5 mgm. of epinephrine was given sub- 
cutaneously to eight subjects, twenty min- 
utes after intravenous injection of 0.5 mgm. 
The 


administration of 


of dihyvdroergocornine. response was 


compared with control 
epinephrine alone two to four days later. 
Following epinephrine alone an average 
reduction in eosinophiles of 54.6 per cent 
from an initial count of 194/mm3 occurred, 
whereas when epinephrine was given follow- 
ing dihydroergocornine the average decrease 


in eosinophiles was 56.5 per cent from an 


initial count of 201/mm3. Reduction in the 
Ivmphocyte count following epinephrine 
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alone was 29 per cent; following epinephrine 
and dihydroergocornine an average fall of 
53 per cent occurred. Control lymphocyte 
counts were found to be more variable than 
eosinophile counts, and the eosinophile re- 
sponse in accordance with the experience of 
others is considered a more dependable 
index of adrenal cortical stimulation. 

The that 


ergocornine does not produce any significant 


findings demonstrate dihydro- 


inhibition of epinephrine stimulation of the 


That 


otherwise exerted adrenolytic and sympa- 


adrenal cortex. dihydroergocornine 
thicolytic activity in these experiments was 


indicated by reduction in blood pressure, 
modification of response to the cold pressor 
test 


glycemia. The combined use of dihydroer- 


and inhibition of epinephrine hyper- 
gocornine with epinephrine or epinephrine- 


in-oil provides a method for therapeutic 


stimulation of the adrenal cortex, avoiding 
the undesirable side effects of epinephrine. 





Autoantibodies in Different Phases of Human Glomerulonepbritis 


Kurt Lance, Davin Werner, Micuaret M. A. Gorn, 
Vicror TCHERTKOFF and VERA SIMON 


the 
human glomerulonephritis 


The clinical facts which lead to 
hypothesis that 
is an organ specific antigen-antibody reac- 
the 


experimental- evidence gained by heterolo- 


tion will be reviewed together with 


gous antikidney serum injections. Using a 


further modification of Cannon and Mar- 
shall’s  collodion technique and its later 
modification by Cavelti, the authors have 


examined the sera of 51 nephritics of all 
stages and of 126 controls for the presence 
of antibodies to human kidney. 

that in 
cases of all stages of 


72.7 


It was found cent of 


the 
glomerulonephritis high positive titres can 


per 
tests done in 
be obtained (average 1:412). The percentage 
of positive cases and the titres are higher 
in the later stages of glomerulonephritis 
the 

Twenty-eight 
on 12 cases during the first month of the 


than in first month of the disease. 


determinations were done 
disease yielding an average titre of 1:107 
with only 42 per cent of the cases being 
positive more than 60 per cent of the time. 

Two hundred and twenty-one determina- 
tions were done in 39 cases after the first 
month of the disease vielding an average 
titre of 1:450 with 79.5 per cent of the cases 
being positive more than 60 per cent of 
the time. This difference may largely be 
due to the fact that during the first few 


days of acute glomerulonephritis no anti- 
bodies can be found in the serum since they 
are completely absorbed in the kidney. 
Two hundred and five determinations per- 
formed on 126 normal controls yielded an 
17.5 
cent of the cases positive 50 per cent of 
the 
Renal antigens obtained from infants or 


average titre of 1:46 with only per 


time or more. 
still-births show a much greater specificity 
and higher titres than antigens from adult 
renal tissue, a fact which may explain the 
high incidence of glomerulonephritis in 
young individuals. 

The continuous presence of antibodies to 
kidney throughout all stages of the disease 
except the first few days forces one to 
assume that human nephritis does not result 
from a single insult with subsequent scar- 
ring but rather from the constant presence 
stimulation of antibodies to 


and occasional 


renal tissue. 


Neutralizing these antikidney antibodies 


by means of kidney tissue emulsions or 
extracts should be carefully investigated 


as a possible therapeutic approach, 

The use of antihistaminic drugs to mi- 
tigate the effects of 
antigen-antibody should 
investigated further. 


vascular such an 


reaction also be 
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A New Synthetic Anticoagulant (Heparinoid): 
Prelinnnary Report of Its Action in Humans 


C. W. Sorenson, JosepuH Seirrer and I. S. Wricut 


Observations have been made of the effect 
in humans of a synthetic anticoagulant pre- 
pared by the sulfation of alginic acid. The 
material is a polysulfuric ester of polyan- 
hydromannuronic acid obtained as a water 
soluble sodium salt which is stable at room 
temperature. Pharmacological data indicate 
that the drug has about the same toxicity 
in animals as heparin and is about one-tenth 
to one-twentieth as toxic as other synthetic 
polysaccharide sulfuric acid ester anticoagu- 
lants that have been tested. Rabbits given 
5 to 15 mg./kg. of Heparinoid by intraven- 
ous injection every three hours daily for 
one week showed no toxic manifestations. 
Studies in animals on the fate of Heparinoid 
indicate that about twenty-five per cent is 
excreted in the urine. The remainder appears 
to be inactivated in the blood and the in- 
activated product picked up by the reti- 
culoendothelial system. 

The results being reported are based on 
the administration of Heparinoid to eleven 
patients, a total of twenty-five times. Ob- 
servations have been concerned primarily 
with the anticoagulant action and_ toxic 
manifestations of the drug. It has been 
given intravenously in one, five and ten 
per cent solutions. 

The anticoagulant effect has been meas- 
ured by a modification of the Lee-White 
clotting time. The blood was drawn in 
siliconed syringes, placed in dry pyrex glass 
tubes, tipped gently at one minute intervals 
and the end point taken as the time when 
the blood held a vertical surface with the 
tube in a_ horizontal position. Duplicate 
tubes were run simultaneously and_ the 
clotting time reported was the average of 
the two tubes. Control times were nine and 
twelve minutes. 

The amount of Heparinoid required to 
prolong the clotting time two to three times 
the control time was approximately 5 to 
10 mg./kg. However, some individual varia- 
tion in response was observed. This amount 
is approximately thirteen times that of the 
sodium salt of heparin necessary to pro- 


duce comparable maximum clotting times. 
The duration of action of 5 to 10 mg./kg. 
given intravenously has been observed to 
last from 4 to 8 hours, but the results 
suggest that the action may be more pro- 
longed than that of heparin given intra- 
venously. 

Immediate toxic reactions to the slow 
intravenous injection of Heparinoid have 
been observed in three patients: one of 
these was severe, two were mild. The severe 
reaction was manifested by nausea, vomit- 
ing, abdominal cramps, defecation, oppres- 
sion over the chest, pallor, sweating, brady- 
cardia, and fall in blood pressure to imper- 
ceptible levels. These symptoms and signs 
responded to prompt administration of 
epinephrine. This patient gave a history of 
similar but less severe reactions to intraven- 
ous papaverine and subsequently had a 
reaction to magnesium sulfate used in doing 
a circulation time. 

One of the other reactions noted was a 
flushing of the face, feeling of epigastric 
fullness with belching, and a 16 mm. fall 
in the diastolic blood pressure. These mani- 
festations disappeared without medication 
when the injection of the drug was 
discontinued. 

The third reaction noted was a flushing 
of the face associated with a 10 mm. fall 
in blood pressure. The injection was com- 
pleted and the flush subsided within fifteen 
minutes. Within about two hours both hands 
were noted to be slightly edematous; this 
lasted about two hours and_ subsided 
spontaneously. 

No toxic effects of Heparinoid have been 
observed on the blood, kidneys, or liver as 
determined by red blood cell counts, white 
blood cell counts, sedimentation rates, urine 
examinations, P.S.P. tests, prothrombin 
times, B.S.P. tests, and cephalin flocculation, 
thymol turbidity, and total protein de- 
terminations. 

Investigation is now under way on the 
clinical use of Heparinoid in the treatment 
of thrombo-embolic disease. 
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Fate of Dicumarol in Man: Relationship Between Prothrombin Time 
and Plasma Levels of Dicumarol 


Murray WEINER, SHEPARD SHAPIRO, JULIUS AXELROD 
and Bernarp B. Bropie 


Third (New York University) Medical Division, Goldwater Memorial Hospital 
and Department of Medicine, New York University College of Medicine 


The chief problem involved in dicumarol 
therapy is that of obtaining an adequate 
antithrombotic effect without hemorrhage. 
An understanding of the fate of dicumarol 
in the body might aid in the outlining of 
safer regimens of therapy. 

A sensitive method for determining the 
concentration of Dicumarol in plasma and 
other biological fluids has been developed. 
Using this method, the absorption, excretion, 
distribution and rate of metabolism of 
dicumarol have been studied. The drug is 
almost completely transformed in the body, 
only traces being found in the urine after 
its administration. Its rate of transforma- 
tion is slow with marked variability in 
different individuals. The drug is highly 
localized on plasma proteins and in various 
tissues, a fact which may explain its slow 
rate of transformation. Absorption of the 
drug from the gastrointestinal tract is slow 


and the rate varies with the individual and 
the dose. 

Study of the solubility characteristics of 
the “apparent” dicumarol measured in the 
plasma, indicates that it is identical with 
authentic dicumarol. This finding, together 
with the extremely slow rate of transforma- 
tion of the drug in vivo, makes it unlikely 
that its effect is directed through a derived 
product. 

Prothrombin estimations were correlated 
with dicumarol levels. There is a threshold 
level for dicumarol below which no pro- 
thrombin time response is detected. Changes 
in prothrombin activity lag behind changes 
in dicumarol levels. However, the magnitude 
and duration of prothrombin time prolonga- 
tion correlate much better with the dicu- 
marol plasma levels than with the dose of 
dicumarol administered. 





Some Limitations of Vagotomy in the Treatment of Peptic Ulcer: 
A Critical Follow-Up Analysis of Fifty Cases 


Martin J. Heary, Jr. and Paut K. Saver 


Fifty carefully selected cases of duodenal 
and marginal ulcer treated by vagotomy 
have been followed from six months to two 
and one-half years, and results evaluated. 
All fifty received transthoracic vagotomy 
without other surgical measures, with one 
postoperative death. Each case met the 
following criteria: intractable ulcer pain, 
failure of medical treatment, X-ray evidence 
of active ulcer, and absence of gastric 
retention. According to insulin (Hollander) 
tests, vagotomy was complete in 82 per 
cent, incomplete in 8 per cent, equivocal in 





4 per cent and undetermined in 6 per cent. 
Early failure occurred in 10 per cent of the 
cases as a result of unrelenting gastric 
atony which necessitated further surgery 
within three and one-half months after 
vagotomy. 

Careful follow-up studies were made in 
all cases. Ninety per cent of the cases were 
readmitted to the hospital at intervals for 
clinical evaluation, secretion studies and 
X-rays. Information regarding the remain- 
ing 10 per cent was secured from other 
hospitals or by questionnaire. 
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After an average follow-up period of 
18 months, interim evaluation of results is 
as foliows: 

Effect on Ulcer Symptoms 
Excellent (Symptom free) 18% 
Good (Symptoms improved)... 36% 
Fair (1emporary or incomplete 


relief ) . 12% 
Failure - B4% 
Early from atony 10% 
Late, full recurrence 24% 


Nine (18%) of the failures required fur- 
ther surgery from three weeks to twenty- 
seven months after vagotomy. Seven had 
gastric resection and two had gastroenteros- 
tomy performed. Three of these cases sub- 
sequently developed marginal ulcers despite 
apparently complete vagotomy. 

Effect on Ulcer as Demonstrated by X-ray 

Active Ulcer 

Niche and/or deformity, irrita- 


bility, spasm, and tenderness 38% 
Inactive ulcer- 

Deformity alone ; 42% 
Early failure 

No X-rays after three months 8% 

Unknown ee 


Secondary prolonged disturbances in gas- 
tric motility were observed on X-ray ex- 
amination as follows: 

Unremitting atony requiring early 

surgical intervention 10% 

Prolonged atony 

>100% enlargement 
>50%—6 hr. retention 6% 


Moderate atony 
>30% <100% enlargement 
<50%—6 hr. retention 30% 
Slight atony 
<30% enlargement 


No retention 6% 
Normal stomach 

No change observed 36% 
Unknown 12% 


Accorcing to the authors’ data, a patient 
who is subjected to vagotomy has one 
chance in five of securing complete relief, 
two chances in three of being benefited to 
some extent, and one chance in three of 
failure, all within an average of eighteen 
months postoperatively. For this rather du- 
bious benefit he must accept a small but 
nevertheless significant mortality risk and 
the unhappy prospect that his continued 
freedom from ulcer symptoms is by no 
means assured. Half the time he must also 
pay an additional premium in the form of 
persistent symptoms of gastric atony which 
not infrequently may be more disabling than 
the original ulcer. 

On the whole, the authors feel that 
vagotomy, even in carefully selected cases, 
has not proven successful in a_ sufficient 
number of cases to justify its routine use. 
Despite the lower operative mortality, fail- 
ures are too frequent and morbidity too 
serious after vagotomy to justify its re- 
placement of other more effective methods 


of surgical treatment. 





A Method for the Preparation of Exteriorized Skin Covered Loops 
of Intestine for the Study of Bowel Obstruction 


Rosert T. Crow.tey and Donatp A. Davis 


Both of the New York University Post-Graduate Medical School and Fourth 
Surgical Division, Bellevue Hospital 


In the course of certain experiments con- 
cerned with intestinal obstruction it is 
advantageous to prepare exteriorized loops 
of intestine which can be obstructed for 
varying periods of time and then released 
without the necessity of repeated operations 


rhe following preparation can serve such 





purpose in that the animal can be kept in 
a normal state for long periods of time and 
may be used for study at will. There is no 
exposure of naked loops of intestine and 
the continuity of the gut or its nerve or 
blood supply is not interfered with. 

Two straight incisions placed 214, inches 
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the midline are made. 


extend 


on either side of 


These incisions down through the 
skin and subcutaneous fascia, permitting a 
layer of skin to be raised which is attached 
at the upper and lower ends, The abdomen 
is opened through a midline incision beneath 
the segment of skin. The loop of bowel to 
be exteriorized is then brought out and the 
peritoneum, muscle, and fascia closed about 
the loop of intestine through its mesentery. 
It is 
through an opening in the mesentery made 


necessary to suture the peritoneum 


in the area where there are no vessels or 
nerves. ‘The approximation of the periton- 
eum, muscle, and fascia must be brought 
loosely about the vessels so as not to cause 
constriction. The flap of skin which has been 
raised from the midline as a pedicle graft 
is then approximated about the loop through 
the aperture in the mesentery. A free space 
is left which traverses the mesentery and 
the this as to permit the 
application of a clamp or other means of 
the The either 


side of the midline incision is then undercut 


skin in area so 


obstructing bowel. skin on 


sufficiently to allow approximation toe the 


edges of the skin which also pass through 
the the 
with the peritoneum and fascia. 


aperture in mesentery together 


It can readily be seen from the diagram 


which is presented (see figure) that this 
preparation permits of sampling from the 
intestine by the insertion of a_ needle 


through the skin and gut which lies beneath 


it. If such sampling is carried out, the 


needle ought to be extended tangentially 
for a distance through the skin and the 


loop in order that intraenteric pressure will 
tend to close the needle hole without leakage. 
When it is decided to produce a simple 
obstruction, all that is necessary is to apply 
a clamp at one end of the loop. If a closed 
loop obstruction is desired, a clamp may be 
placed on both ends of the loop. 
relation of the 


autonomic nervous system to intestinal ob- 


Studies to determine the 


struction are being undertaken. This prep- 
aration lends itself readily to experiments 
and because of its simplicity it may be of 
considerable use to others who are carrying 


on similar studies. 





The Biological Chemistry of Wound Healing: Effect of Blocking the 
Sulfhydryl Group (-SH) in Vivo with lodoacetic Acid* 


Jameson L. Cuassin and S. Artur Locaio 


York 


From The New 


University 


Post-Graduate Medical 


School and the Fourth Surgical Division, Bellevue Hospital 


Previous studies have shown that protein 
depletion the 
laparotomy and of surface wounds in rats. 


impedes rate of healing of 


It has also been shown that dl-methionine 
administered parenterally following inflic- 
tion of the wound serves to return the 


curve of wound healing toward normal. The 
cause and nature of this effect of methionine 
has been sought. Possible hypotheses include 
the 


improved by 


may be 
the 


methionine. 2) The healing wound may re- 


following: 1) Liver function 


the lipotropic effect of 


quire the specific amino acid methionine 


as a raw material in a quantity beyond that 


catabolism of its own 


ivailable to it by 





state. 3) 
are 


the 
skin 


tissues in protein-depleted 


the 
relatively rich in organic sulfur, the sulf- 


Since and connective-tissue 
hydryl portion of the methionine molecule 
may be essential to the normally healing 
wound, 

The last hypothesis has been tested by 
chemically blocking the —SH radical with 
parenterally administered iodoacetic acid. 
This compound has been shown to inhibit 
the sulfhydryl group of various enzymes and 
other compounds in vitro and in vivo. It 
also inhibits growth in normal young rats. 

A series of albino rats received iodoacetic 


acid for a total of 10 days immediately pre- 
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ceding and following infliction of a standard 
laparotomy wound. Groups of animals were 
killed on the 3rd, 4th, 5th, and 6th days 
postoperatively, and the tensile strength of 
the wounds was tested. A significant lower- 
ing of the tensile strength was noted when 
compared with normal rats. 

A third group of rats was tested which 
were in every way identical with the first 
group except that in addition to iodoacetic 
acid they were given an excess of dl- 


methionine, a physiological precursor of 
sulfhydryl-containing compounds, These rats 
showed acceleration of healing when com- 
pared with the iodoacetic acid-treated rats. 

It is concluded that blocking the —SH 
radical in vivo impedes wound healing in 
otherwise normal rats. The possible site of 
this blocking effect is briefly discussed as 
is its significance to the wound-healing 


problem. 





Starch Sponge—A 
SAMUEL S. 


A number of highly efficient blood coagu- 
lants have recently been introduced into 
medical practice and have been found of 
great value. The reasons that impelled the 
author to describe yet another hemostatic 
agent is its demonstrated effectiveness and 
low cost. 

In 1947 a patent was granted the U. S. 
Department of Agriculture for the manu- 
facture of an absorbable starch sponge. 
The dry sponge is capable of absorbing 
sixteen times its weight of water, and the 
department was interested in it because 
it could absorb appreciable amounts of 
medicaments such as penicillin, gramicidin, 
sulfapyridine, ete. and is slowly absorbed 
from body cavities. 

It seemed to the author that the chemical 
and physical nature of the starch sponge 
made it highly probable that it also posses- 
sed blood coagulating properties. 

Numerous experiments have demonstrated 
that the starch is taken up by the periton- 
eum and is metabolized like any ingested 
starch. No sensitizing or anaphylactogenic 
properties were encountered. The majority 
of investigators state that the tissue reaction 
to starch is not significant. Our own experi- 
ments confirm this statement. We left large 
pieces of dry and wet sponge amongst coils 
of the intestine without opening any large 
vessel, At autopsy gross inspection in the 
majority of these animals revealed none or 


negligible adhesions. 


Hemostatic Agent 


ROSENFELD 


Taking into consideration the fact that 
the vena cava is located in the retroperi- 
toneal space, the cellular tissue of which is 
almost embryonal in its reaction to stimuli, 
the adhesions we found at autopsy (usually 
three to four weeks after operation) were 
surprisingly moderate. 

The blood coagulating properties were 
demonstrated by us on rabbits, using suit- 
able controls. We employed the large veins 
of the ear, the femoral vein, and the inferior 
vena Cava, 

In every case where the starch was prop- 
erly applied to any of the above-mentioned 
incised vessels, including the vena cava, 
the animal survived. All controls died when 
the larger vessels were opened. 

To date, we have used the starch clinically 
76 times to control bleeding. In 35 instances, 
the bleeding was intraperitoneal; in 29 
cases, it was vaginal; in 10 patients cervical 
and in 2 rectal. The procedures in which 
these applications were made included: ab- 
domina]l and vaginal hysterectomy, myom- 
ectomy, ruptured corpus luteum cyst, and 
cesarean section. In some of the cesarean 
cases the starch was introduced into the 
uterine cavity through the uterine incision. 

The starch added greatly to the safety 
of the operation, especially in hysterectomy 
where the oozing was easily controlled, thus 
obviating clamping and possible ureteral 
injury. 

There was no mortality in this series. 
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There was no morbidity that could actually 

be attributed to the starch. 
Starch efficient 

agent. Its effects appear to be purely local 


sponge is an hemostatic 
and its hemostatic action is probably due 
to its gel formation, which permits it to 
absorb many times its weight in blood. This 


property causes the sponge to swell and 


exert pressure on the bleeding points. An 
additional barrier to blood loss is its ad- 


hesive quality. 
An important factor is its low cost. It can 


be produced for as little as 7 cents a pound, 





Management of Ascites Due to Cirrhosis of the Liver; the Use of 
“Rice” Diet, Blood and Plasma, Diuretics and Surgery 


Grorce F. Kamen, Max Trusek and 
Jere W.. Lorn, Jr. 


From New York University Post-Graduate Medical School and Fourth Medical 
ind Surgical Divisions of Bellevue Hospital 


Kempner has demonstrated that hyper- 


maintain balance 
diet 


approximately 470 gms. of carbohydrate, 20 


tensive patients protein 


on the rice-fruit-sugar which contains 
gms. of protein and 5 gms. of fat per 2,000 
this 


having less than 150 mgms. of sodium and 


calories. Further, diet is low in salt, 


200 mgms. of chloride. 

It occurred to us that the cirrhotic pa- 
tient with ascites might obtain benefit from 
diet by salt 
protein 
high in 


tryptophane (120 gms. of powder contain 


the “rice” virtue of its low 


composition, particularly when a 


hydrolysate low in sodium and 


the equivalent of 70 gms. of protein) was 


added daily. The sodium content of the 


powder is less than 50 mgms. per 100 gms. 


In addition, anemia and hypoproteinemia 


were treated with transfusions of whole 


blood or plasma and daily vitamin supple- 


ments were supplied. In several patients 


diuresis was achieved only by the use of 
intramuscular concur- 


mercuhydrin given 


rently with blood or plasma infusion. 


Six patients suffering from intractable 
ascites due to cirrhosis of the liver have 
been managed by the “rice” diet and the 
early results to date have been encouraging. 
One patient, a 36 vear old white man, 
entered the Fourth Medical Division of 


Bellevue Hospital on October 4, 1948, com- 


plaining of ascites of 2 months duration, 


abdominal pain, anorexia and weakness. A 





diagnosis of cirrhosis of the liver of al- 
coholic-nutritional etiology was established 
and the usual high protein high carbohy- 
drate, low fat, low salt diet was instituted. 
Anorexia, ascites requiring paracentesis, and 
weakness persisted. Of poor prognostic sig- 
nificance from past experience, were the 
anemia, a large smooth liver and the febrile 
The slowly 
downhill, in spite of the use of diuretics 
and the “Patek regime” November 
18, 1948 the diet, 
with the addition of the oral protein supple- 
the 
weeks the patient lost 33 pounds in weight. 


course. patient’s course was 


until 
when rice-fruit-sugar 


ment was instituted. During next 7 


his abdominal circumference decreased from 
100 
strength improved. Prior to the institution 


ems. to 72 cms. and his appetite and 


of the “rice” diet, the patient had had a 
massive gastrointestinal hemorrhage requir- 
ing 3 transfusions. A gastrointestinal roent- 
gen series failed to reveal esophageal varices 
or a peptic ulcer. The patient has been free 


from ascites for 3 months and in good 
condition with the exception of a_ small 
residual left hydrothorax which shows no 


evidence of a neoplastic or tuberculous 


etiology. A high red count and hemoglobin 


and normal blood protein fractions have 
been sustained. 
Of the remaining 5 patients, one was 


showing marked improvement on the regime 
but succumbed to a massive gastrointestinal 
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hemorrhage during the second month of 
therapy. Three others have not required 


paracenteses while on the diet over periods 
of 4, 3 and 2 months respectively. The sixth 
patient is a 43 year old man with portal 
cirrhosis on an alcoholic nutritional basis 
who required approximately 40 taps over 
a period of 10 months. During one month 
of the regime no paracenteses were re- 
quired, although some ascites persisted. Be- 
esophagram showed esophageal 
the 
portacaval shunt (an 
mosis of the portal vein with inferior vena 
cava, through a right sided thoraco-abdom- 


inal approach) with a lowering of the portal 


cause an 
varices, patient was subjected to a 


end-to-end anasto- 


pressure of 475 to 190 mms. of Water when 
the shunt was opened. His post-operative 
course was smooth except for 3 or 4 days 
of intermittent mental confusion. 

In summary, the “rice” diet supplemented 
by certain important factors such as added 
oral salt-free protein, vitamins, concurrent 
use of plasma and blood transfusions with 
mercurial diuretics proved to be an effective 
form of therapy in the management of in- 
tractable cirrhosis of the 
liver. In one instance the above regime 
proved to be excellent for the pre-operative 
preparation of a patient subjected to a 


ascites due to 


portacaval shunt. 





Carbohydrate Utilization in Surgical Patients: The Blood Lactic 
Acid in Pre- and Post-Operative Patients After the 
Admunistration of Glucose 


Joun J. Castronvovo 


Abridgement of thesis submitted to the Faculty of the Graduate School of the New York Medical Col- 


lege in partial fulfillment of the requirement for the degree of 


During the post-operative period glucose 
is the chief source of nutrition. It is, there- 
fore, essential to determine whether the 
glucose given is actually utilized or simply 
stored. Many studies on this subject indicate 
that the coefficient of correlation for grams 
of glucose given and grams retained is high. 
Unless the sugar is burned, however, post- 
operative starvation ketosis and hypopro- 
teinemia will occur. 

That glucose is capable of immediate oxi- 
dation following absorption is a general as- 
sumption. Koster, however, in 1930 used the 
respiratory quotient as the index of carbo- 
hydrate combustion and found that a nor- 
mal rise in the respiratory quotient follow- 
ing the intravenous injection of glucose did 
not occur until the fifth post-operative day. 
He concluded that a carbohydrate metabolic 
disturbance existed during this period. His 
work has never been duplicated or chal- 
lenged. 

The psychic and organic effects of major 


surgery can cause marked alterations in the 


Master of Medical Science in Surgery 


bodily metabolic The classical 
demonstrations of Cannon indicate the psy- 
chic effects upon the adrenals and Seyle and 
others have shown the influence of trauma, 
blood loss and shock on the carbohydrate 


processes. 


metabolizing hormones. 

The use of the respiratory quotient as a 
criterion of carbohydrate utilization has 
been violently attacked by Soskin and Le- 
vine. The use of the blood lactic acid re- 
sponse to glucose as an indicator has gained 
general recognition. Root and Carpenter in 
1946 checked 
concerning the ability of the diabetic to 
burn sugar using the blood lactic acid. 

In order, therefore, to determine whether 
the post-operative period is characterized by 
inadequate sugar metabolism, it was decided 
to utilize the lactic acid of the blood as an 
indicator. 

Method: Ten patients were studied in the 


their previous observations 


pre- and post-operative periods, Pre-opera- 
tive results were used as the norm. All pa- 
tients were given high doses of vitamins 
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daily before study. Patients who were feb- 
rile or who showed kidney or liver damage 
were excluded. Young and old patients of 
both sexes in good, fair and poor general 
condition were included. The operative pro- 
cedures varied widely in type and duration. 
The amount of each anesthetic agent admin- 
istered was estimated. 

\ 300 ce. aqueous solution containing 50 
gms. of glucose was given intravenously 
during an interval of twenty minutes. All 
patients were in the post-absorptive state. 
The blood lactic acid and blood sugar as 
well as the cephalin flocculation and thymol 
turbidity were determined from a sample of 
blood withdrawn just before the infusion of 
glucose. These served as the base-line val- 
ues. Blood was withdrawn every thirty min- 
utes for two hours thereafter for lactic acid 
and sugar determinations. The total amount 
of sugar excreted in the urine was deter- 
mined quantitatively. The fluid intake and 
output were carefully recorded. 

Results: There was an increase in the 
blood lactie acid in all patients in both the 
pre- and post-operative periods following 
the intravenous administration of glucose. 
The average rise noted during both periods 
was of approximateiy the same magnitude. 
rhe rise also corresponds with that ob- 
served in normal subjects by other investi- 
gators. Experiments were carried out for 


from two to 17 hours post-operatively. The 


maximum rise in lactic acid did not occur 
regularly within a constant period after glu- 
cose administration, This confirms the ob- 
servations of others that the lactic acid can- 
not be correlated quantitatively with the 
blood sugar curve. The rise does indicate, 
however, that glucose was definitely in the 
process of oxidation in ail patients during 
the post-operative period. 

Blood sugar levels post-operatively were 
slightly higher than the pre-operative val- 
ues. Approximately three times as much 
sugar was lost in the urine of patients post- 
operatively. Fluid balance data did not 
show that hypertonic glucose solutions cause 
excessive fluid loss post-operatively. This 
observation has also been made by other 
investigators. 

CONCLUSIONS 

1. Lactic acid, an intermediary compound 
in carbohydrate metabolism, has been stud- 
ied in pre- and post-operative patients fol- 
lowing the intravenous administration of 
glucose. 

2. The blood lactic acid increase observed 
in all patients demonstrates that glucose is 
capable of oxidation and utilization in the 
pre- and post-operative periods. 

3. Glucose was not found to be associated 
with excessive glycosuria or fluid imbalance 
when administered intravenously in the im- 


mediate post-operative state. 





Studies with the Quantitative Cephalin-Cholesterol 
Flocculation Reaction 


Effect of variation in temperature at which Hanger reaction occurs. 


The protein patterns of normal and abnormal liver-disease sera 


ABRAHAM SAIFER 


B-ochemist, Veterans Administration Hospital, Manhattan Beach, Brooklyn 


In a previous publication (J. Clin. Invest. 
27, 737 (1948)) a method was described for 
determining small variations in the cepha- 
lin-cholesterol flocculation reaction (Hang- 
er) by means of quantitative cholesterol 
determinations. The results are expressed as 
cholesterol units. By means of this pro- 


cedure the effect of temperature on a large 
number of normal and abnormal sera were 
studied. A marked variation was found in 
the amount of flocculation obtained with the 
same serum at different temperatures. 
These temperature studies indicate that 
all human sera with suspected liver disease 








g 
t 
x 


























Clinical Research Meeting 457 








can be divided into four serum protein pat- 
terns based on the cholesterol unit values 
obtained at 4°, 25°, 37.5° and 56° C. These 
patterns are classified on the basis of sever- 
ity of liver damage as follows:— 
Type I: Normal sera 
Type II: Slight liver damage e.g. chron- 
ic hepatitis 
Type III: Moderate liver damage e.g. 
acute hepatitis 
Type IV: Severe liver damage e.g. cir- 
rhosis 
Serial studies on a single case of acute 
infectious hepatitis from the peak of the 
attack to date of discharge, show a gradual 


change in the pattern from Type IV_ to 
Type I as the clinical condition of the pa- 
tient improved. 

Cases of infectious mononucleosis or mala- 
ria, which are often associated with liver 
damage, exhibit the same serum protein pat- 
terns as do cases of infectious hepatitis. 
Similar liver disease patterns were found in 
some cases of multiple sclerosis. 

These changes in the serum protein pat- 
terns obtained with this simple technique in 
various liver disease cases parallel those 
found by other investigators employing the 
more elaborate electrophoretic procedures. 





Hemophilioid Disease 


A hemorrhagic disease with prolonged coagulation time and a circulating 
anticoagulant. Report of a case in a female 


O. HerMAN DreEskIn and NatHan ROSENTHAL 


From the Hematology Division of the Laboratories, The Mount Sinai Hospital, 
ew York City 


In 1940 Lozner, Jolliffe and Taylor were 
the first to recognize a hemophilia-like dis- 
ease associated with a circulating antico- 
agulant. There have been a total of ten 
reported cases; of these, two were in 
women. The present study is concerned with 
a young woman who manifests this disease. 

F. L., a thirty year old white female with 
no past or familial bleeding history, had an 
uneventful second delivery in November 
1947. Seven weeks later she had a mild siege 
of pains in the thigh and the popliteal re- 
gion, slight fever, and leukocytosis. Three 
months post-partum she developed a large 
hematoma in her right jaw following a den- 
tal procedure. In March 1948 ecchymoses 
and pain in the left leg appeared. This was 
accompanied by a prolonged coagulation 
time of 391/, minutes (normal 6-12) of the 
venous blood. The blood picture was other- 
wise unremarkable; likewise the platelets, 
prothrombin, tourniquet test, bleeding time, 
clot retraction, calcium, and fibrinogen were 
all normal. In July 1948 renal colic and 
hematuria occurred. The hematuria did not 
respond to transfusions, so that the patient 


had to be hospitalized during August 1948. 
Anti-hemophilic globulin, protamine, and 
fresh blood serum, as well as whole fresh 
blood, were administered but these had no 
effect upon the hematuria or the prolonged 
clotting of the blood. 

Special studies were made to determine 
the underlying cause of the abnormal clot- 
ting: 

1. The patient’s blood was mixed with 
normal blood and was found to prolong the 
coagulation of the normal blood. This indi- 
cated the presence of anticoagulant in her 
blood. 

2. The anticoagulant factor was present 
in plasma and serum as well as in whole 
blood. 

3. Ammonium sulfate fractionation of 
the plasma indicated its presence in the 
pseudo-globulin fraction. 

4. It was thermostable at 56° C. 

5. It was not dialyzable. 

6. The electrophoretic curve of the plas- 
ma was normal. 

7. The anticoagulant was not neutral- 
ized by protamine, toluidine blue, or anti- 
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henophilic globulin 
8. There was no increase of anti-thrombin. 
was not 


9. Conversion of prothrombin 


delayed. 


10. Factor VI of Owren was normally 
present. 
ll. ‘Titrations against rabbit and human 


thremboplastin§ showed a deficiency ot 


thromboplastin in the patient's plasma. 

12. The anticoagulant was directly anta- 
gonistic to anti-hemophilic globulin, com- 
pletely neutralizing the effect of the latter 
upon known hemophilic blood, 


13. Additional that the 


studies indicated 


anticoagulant might be an antibody to 
some factor (such as anti-hemophilic glo- 
bulin) in normal plasma, but this could not 
be confirmed by precipitin and complement- 
fixation tests. 

After discharge from the hospital, the pa- 
tient improved gradually and felt better. 
She February 11, 1949, 
thirteen months after the onset of her ill- 
ness. The hematuria had subsided, but there 


was last seen on 


were still occasional slight eechymoses. Her 
coagulation time was still prolonged (76 


minutes) and the anticoagulant was. still 


present. 





Aureomycin and Chloromrycetin in Brucellosis 


With special reference to chronic brucellosis 


Harotp J. Harris 


The diagnosis of low-grade chronic Bru- 
cella infection often lacks cultural proof. 
Evaluation of diffi- 
cult. Any effective therapy which is free of 
deleterious effects 
need for hospital care is worthy of investi- 


treatment methods is 


and which obviates the 


gation. 
AUREOMYCIN 


Aureomycin hydrochloride was given oral- 
ly to 110 patients, all but one with cultu- 
rally-negative chronic brucellosis. 

Dosage was 3.0 to 4.0 grams daily in the 
earlier cases and 2.0 grams daily in later 
cases, in 4 equally spaced amounts. Total 
dosage was from 18 to 25 grams in 7 to 14 
days, if tolerated. Dosage in children was 
proportionately lower. 

Side effects of a frequency, kind and se- 
verity not previously reported occurred in 
18 of the 79 females (60.7 per cent) and in 
6 of the 31 males (19.3 per cent), a notable 
difference between the sexes. 

Headache, nausea, vomiting, epigastric 
pain, persistent diarrhea and anal irritation 
(with fissuring in 2) occurred in either sex. 
manifestations of the 


Mucous membrane 


mouth, throat and pharynx with perleche- 





like lesions, occurred in 12 females and in 1 
male, within 3 days in some. Vaginitis oc- 
curred in all of the 12 females, with slight 
bleeding in 3. Bladder irritation occurred in 
8, fleeting urticaria in 3, dermatitis of the 
hands in 2 and slight generalized desquama- 
tion of the epidermis in 2. Peculiarly vora- 
cious and capricious appetites, especially for 
protein foods, were noted in many. 

Thirty-four patients were unable to tol- 
erate aureomycin for more than a few days 
but six were able to take smaller dosage of 
a more highly refined product. 

The high acidity was presumed to ac- 
count for some of the gastrointestinal and 
bladder manifestations, and destruction of 
the normal intestinal flora and/or allergy for 
the mucosal and dermal reactions. 

Previously existing symptoms were tem- 
porarily aggravated in many patients. 

Deleterious effects definitely ascribable to 
aureomycin were not noted. Agranulocytosis 
developed on the sixth day in a child who 
had been initiation of treat- 
ment: however, there had been a steadily 


moribund at 


developing leucopenia and neutropenia prior 
to treatment; recovery followed. Perforation 
of an unsuspected pre-pyloric ulcer, pos- 
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sibly due to direct irritation, occurred in 
one patient, with spontaneous healing. 
Results of treatment cannot be fully eval- 
uated until after prolonged observation. Of 
55 patients who had adequate dosage and 
were observed for from 1 to 6 months fol- 
(89 per cent) 


from partial to complete recovery; 23 re- 


lowing treatment 49 made 
quired two or more courses. Six patients (11 
per cent) showed no improvement. 

In the one culturally proved case, there 
was rapid recovery but cultures were pos- 
itive after each of two courses, with mini- 
mal evidence of relapse; following a third 
course cultures have remainec negative for 
3 months but minimal symptoms probably 
infection continue to 


referable to Brucella 


recur, 
CHLLOROMYCETIN 


Chloromycetin was given to 25 patients 


(20 females and 5 males), all culturally- 


negative, in dosage of 2 to 4 grams daily 
with total dosage of 25 grams. 
Side effects of 


curred only in female patients previously 


appreciable degree oc- 


intolerant of aureomycin; 5 of these had 


recurrence of mucous membrane involve- 
ment and 2 had to discontinue it because of 
gastroenteritis. Relative freedom from side 
effects allowed use of chloromycetin in 13 
take 


amounts of aureomycin. Fleeting sunburn- 


patients who could not adequate 

like erythema occurred in 3 patients, urinary 

frequency in 3. 
Results of 


comparable to those from aureomycin. Of 


treatment were apparently 
the 14 patients adequately treated and ob- 
served, 11 (78.5 per cent) made from partial 
to complete recovery during observation pe- 
riods of from 1 to 4 months; 3 (21.5 per- 
cent) showed no 


improvement. Repeated 


courses were needed in 3 patients. 
CONCLUSIONS 


Aureomycin and chloromycetin favorably 


influence the course of brucellosis. It is 
premature to discuss curative effect. Chloro- 
mycetin is attended by fewer and less severe 
side effects. Male patients show greater tol- 
erance. Effect on the intestinal flora is pro- 
found. Optimum dosage remains to be de- 
termined. 





Response of Gastric-Dissolved Mucoprotein to Insulin: A New Test 
for Evaluation of Secretory Status of Fundal Glands and 
Integrity of Nervous Pathways to the Stomach 


Georce B. Jerzy Gass and Lixn J. Boyp 


From the Department of Medicine, New York Medical College, 
Flower and Fifth Avenue Hospitals 


In previous studies the authors showed 
that the dissolved mucin of the gastric juice 
was a mixture of at least two chemically 
different compounds, which they separated 
and called “dissolved gastric mucoproteose” 
and “dissolved gastric mucoprotein.” A 
chemical colorimetric method for quantita- 
both 


developed? and evidence was obtained to 


tive determination of fractions was 
show that the mucoproteose was mainly a 
soluble split product of the enzymatic diges- 


tion of the visible surface epithelium mucus, 


while the mucoprotein fraction was the sec- 


retory product of mucous cells of glands of 
the fundus and corpus of the stomach.* 
The authors showed also that the secre- 
tion of mucoprotein fraction was strongly 
influenced by vagal impulses and that hu- 
moral stimuli effective for acid secretion 
were almost devoid of any effect on secre- 
tion of gastric mucoprotein.? Insulin, in- 
jected intravenously in the dose of 16-20 
units is a powerful stimulus for secretion 
40-60 


causes a sharp rise in mucoprotein concen- 


of mucoprotein and after minutes 


tration, the output exceeding the fasting 
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level 3 and more times. This rise coincides 
with the peak of hypoglycemic symptoms 
(drowsiness, dizziness, perspiration, fall in 
blood sugar) and is abolished if the nervous 
pathways to the stomach are divided or by 
atrophy or destruction of the mucous cells 
of gastric glands of the fundus and corpus 
area, 

Three main patterns were observed in re- 
gard to mucoprotein and acidity response to 
insulin in over 50 tests performed on 40 indi- 
viduals: 1) Positive pattern, characterized 
by a definite rise in mucoprotein (more than 
60 per cent) and acidity; this is typical 
for normal stomach, nervous indigestion and 
gastro-duodenal ulcer. 2) Dissociated pat- 
tern, characterized by positive mucoprotein 
but negative or low acid response; this is 
found in subtotally resected stomach and in 
localized antral lesions, which impair the 
secretion of acid but leave intact the site of 
mucoprotein secretion, i.e. fundal area. 3) 
Negative pattern, characterized by a low 
or abolished response of mucoprotein and 
acidity to insulin; this is found in diffuse 
atrophic lesions of the gastric mucosa, in 
diffuse destruction of gastric glands by in- 
vading carcinoma, and as a rule after com- 
plete vagotomy. 

Since the response of mucoprotein to in- 
sulin is abolished by vagotomy but not by 
subtotal gastrectomy, the mucoprotein test 
is also suggested for evaluating the com- 
pleteness of vagotomy, especially in cases 
in which vagotomy is combined with subtotal 
gastric resection, and when it is impos- 
sible to decide whether a negative Hollan- 
der test depends upon vagotomy or resec- 
itself. 
test: The 
conditions is emptied with Levine tube as 


tion 

Insulin stomach under fasting 
completely as possible and 20 minutes later 
the second fasting specimen is again aspi- 
rated completely. Insulin is injected intra- 
venously in a dose of 16 units (in thin and 
only) the 
stemach is emptied as completely as_pos- 
sible 20, 40 and 60 minutes after injection. 


young patients—l2_ units and 


Each of 5 specimens is tested for acidity 
and mucoprotein concentration. The muco- 
protein and acidity curves are drawn on the 
basis of these determinations. 

Volumetric office procedure for quantita- 


tion of gastric mucoprotein. To 4 cc. of 
centrifuged gastric juice 2 cc. of 10 per 
cent trichloracetic acid is added; after 
standing for a short time the mixture is 
the fluid is 


Into a 15 ce. tube 


centrifuged and supernatant 


separated. centrifuge 
graduated in 0.05 cc. or 0.1 cc. markings, 
5 cc. of supernatant fluid and 71% cc. of 
acetone are placed. The content of the tube 
the water 


and the tube is set in 


bath or incubator at 56° C. for 4% hour or 
at 40° C. for 1 hour. Then the tube is centri- 
fuged for about 10 minutes, the supernatant 
fluid is briskly decanted and the remaining 
mucin precipitate is dissolved in 2 cc. of 
1/10 N sodium hydroxide, using the wooden 
applicator for stirring. To this 3 cc. 1/10 N 
5 cc. distilled water 


is mixed 


hydrochloric acid and 
are added, the content is mixed, left for 20 
minutes at room temperature, and centri- 
fuged exactly at 3000 RPM for 5 minutes 
(stopwatch). The volume of the precipitate 
is read on the graduations using magnify- 
ing glass, and the mucoprotein concentration 
is read from the table (interpolating inter- 
mediate values if necessary), as follows: 


CALcuLATION TABLE 








Volume of precipitate in Concentration of gastric 





cc. after 5 min. of mucoprotein in mgm, per 
centrifugation at 100 cc. fluid gastric 
3000 RPM. juice 
0.05 23 
0.10 50 
0.15 85 
0.20 115 
0.25 150 
0.30 185 
0.35 220 
0.40 260 
0.45 300 
0.50 350 
0.55 400 
0.60 450 








This simplified volumetric quantitation of 
mucoprotein was standardized on the basis 
of the original colorimetric tyrosine method 
published for quantitation of mucoprotein 


and mucoproteose fractions,’ 
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CONCLUSIONS 


Because the secretion of gastric mucopro- 
tein is mainly dependent upon vagal influ- 
ences and is almost independent of humoral 
stimuli, and because it depends on the status 
of effector organ, in this case the gastric 
glands of the fundus and upper corpus of 
the stomach, the testing of the mucoprotein 
response to insulin supplies the information 


which cannot be obtained by means of other 
available tests, and is suggested as a new 
functional test of the stomach. 
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Electrolyte Abnormalities in Chronic Congestive Heart Failure; 
Effects of Aduznistration of Potassium and Sodium Salts 


Cuarves L. Fox, Jr., CHarLes K. FRIEDBERG 
and ABRAHAM G. WHITE 


Department of Bacteriology, College of Physicians and Surgeons, Columbia 
University, and the Medical Service, Mt. Sinai Hospital, New York 


Plasma, edema fluid and urine electrolytes 
were studied during congestive failure. Plas- 
ma sodium was significantly below normal 
in twenty-seven of thirty patients. Plasma 
chlorides and potassiums ranged from be- 
low to 
were relatively increased. Urinary sodium 


above normal; chlorides, however, 
was low whereas potassium was high. Re- 
peat measurements after recovery in five 
patients showed that the low sodiums had 
increased whereas chloride and potassium 
shifted toward normal. 

During mercurial diuresis sodium chloride 
but urine 


was usually hypotonic; chlorides, however, 


excretion increased sodium in 
equalled or exceeded sodium. Potassium ex- 
cretion increased fivefold. 

The data indicated that failure is 
quently associated with hypotonic extracel- 
lular fluid and that 
recovery, vater, 


fre- 


excessive in chloride 
during relatively 
chloride and potassium are excreted than 
sodium. The possibility that some of the 
water excreted was of intracellular origin 
is also supported by the rise in the non- 


colloidal osmotic pressure 


more 


extracelluiar 


which might draw water from cells. 
Accordingly, sodium lactate was given to 
raise extracellular sodium and _ bicarbonate 





to 
raise intracellular potassium and_ bicarbo- 


concentrations, and potassium acetate 
nate. Up to 400 mEq of each were adminis- 
tered orally for periods up to thirty days 
to six patients in failure. Mercurial diuretics 
previously required were cmitted. Loss or 
no gain in weight occurred despite positive 
balances of sodium end potassium. Sodium 
excretion increased markedly although sub- 
normal plasma sodium initially decreased 
intra- to ex- 


further. Shift of water from 


tracellular compartments is thereby sug- 
gested. 

Individual administration of the chloride 
and acetate of Na or K increased weight 
two to six kilograms; therefore mercurials 
were required after each single salt period. 
Simultaneous administration of sodium chlo- 
ride and potassium acetate caused minimal 
weight gain despite positive Na, Cl, and K 
balances. 

Extracellular hypotonicity may be associ- 
ated with intracellular hypotonicity and de- 
pletion, hence separate readjustment of 
either compartment augments edema. Intra- 
cellular abnormalities may also be important 
in failure. Appropriate electrolyte adminis- 
tration may be of value in controlling edema 
in congestive heart disease. 
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The Role of Proteins in the Pathogenesis of 
Renal Insufficiency* 


Racpu M. SussMAN and SeLwyn Z. FREED 


From the Depts. of Medicine and Urology—Beth Israel Hospital, New York 


Reports from several sources have indi- 
cated that high molecular weight proteins 
(hemoglobin) and low molecular weight 
proteins (myoglobin, Bence-Jones protein) 
are capable of producing fatal renal insuf- 
ficiency. Studies with hemoglobin and myo- 
globin have already established these sub- 
stances as potent agents in the production 
of acute renal necrosis. A recent report in- 
criminates the former substance as the cause 
of chronic renal insufficiency resulting from 
repeated renal insults, suggesting similar 
mechanisms in myoglobinuria, Intermittent 
injections with Bence-Jones protein in rela- 
tively small amounts has not resulted in 
renal impairment. No studies with large 
amounts of globulin have been carried out 
in either humans or animals. Accordingly, 
rabbits were injected with homologous (rab- 
bit) gamma globulin procured through the 
courtesy of the Lederle Laboratories as 
Rabbit Anti-Pneumococcus Serum (Refined) 


which proved to be a 10 per cent solution 


Work done under a grant from the Joseph and 


Miriam Levy Finn. 


of almost pure gamma globulin. 

The experiences with rabbits injected in- 
travenously and intraperitoneally is pre- 
sented. The quantity of urine voided in 24 
hours was measured for globulin content. 
Concomitant blood counts and hematocrit 
readings were recorded in several instances. 
Histologic studies of the kidneys performed 
post-mortem revealed evidence of intrarenal 
hemorrhage due to the Silverman needle 
biopsy technique. 

Following either intravenous or intraper- 
itoneal injections of gamma globulin signif- 
icant changes in the serum protein levels 
were observed. The details of individual ex- 
periments indicate a pronounced fall in the 
serum albumin as the globulin level rose 
(usually after 4 or 5 daily intraperitoneal 
injections of 50 ce. each). In one animal 
which received prolonged and repeated in- 
traperitoneal injections, glomerular changes 


were observed. 


Helen Yeamans Levy Foundation in memory of 





The Use of Urinary Pigment Excretion for the Measurement 
of Basal Metabolic Rate 


JerFeRson J. Vorzimer, Ira B. Conen 


and JuLes Joskow, B.S., M.A. 


The diagnosis and control of hyperthy- 
roidism depends, to a large degree, upon an 
accurate determination of the basal meta- 
bolic rate. It is known that such conditions 
as neurocirculatory asthenia and apprehen- 
sion may cause an increase in oxygen con- 
sumption which does not reflect the true 
basal metabolism. It is virtually impossible 
to obtain accurate BMR determinations in 
patients without teeth or with perforated 


ear drums. The existence of these conditions 





which produce an increase in oxygen con- 
sumption rate, in the absence of an_in- 
creased basal metabolism, frequently ren- 
ders the accuracy of the BMR, as deter- 
mined by the respiratory calorimeter, open 
to question. Since the determination of the 
true basal metabolism, and not a machine- 
measured increase in oxygen consumption, 
is of great importance in the diagnosis and 
control of thyrotoxicosis, the presence of 
any of the aforementioned conditions fre- 
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quently makes it impossible to determine 
true basal metabolism, with our present 
methods: The elaboration of a simple clin- 
ically-applicable procedure, which would 
serve as a measure of basal metabolism, in- 
dependent of oxygen consumption at the 
time of the test, is, therefore, of great 
importance. 

Drabkin' has shown that the output of 
the urinary pigment, urochrome, is remark- 
ably constant from day to day, is independ- 
ent of diet, but bears a relation to the level 
of basal oxygen consumption, and is there- 
fore, a product of endogenous metabolism, 
being increased in hyperthyroidism and 
diminished after extirpation of the thyroid. 

The daily creatinine excretion is extraor- 
dinarily constant for the individual, it is 
not influenced by ordinary exercise, and is 
practically independent of the protein level 
of the diet. 

Ostow and Philo? reinvestigated the na- 
ture of the relationship between urinary 
pigment output and the basal metabolic 
rate. To correct for weight, height, and 
habitus of the subjects, the rate of pigment 
excretion was compared to the rate of cre- 
atinine excretion. This ratio (P/C) was 
found to parallel the basal metabolic rates 
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of patients to whom thyroid extract was 
administered. 

The purpose of this investigation was to 
determine whether an accurate correlation 
existed between basal metabolic rates as 
determined by the respiratory calorimeter 
and the P/C ratio, and, if possible, to obtain 
a regression equation from this relationship. 
If a_ statistically valid equation could be 
derived, the P/C ratio could be applied 
wherever the accuracy of the BMR was in 


question. 








464 rue 


BULLET 





IN 





The urinary pigment and creatinine con- 
centrations are determined with a spectro- 
photometer. 
adult females 
that the P/C 


1 measure of metabol 


Results obtained trom 156 
adult 


ratio can be used as ; 


and 57 males indicate 


ism in euthyroid and hyperthyroid states. 
Statistical analysis of the female series re- 
correlation of 0.92, 
BMR 547 4 


P/C. Analysis of the male cases revealed a 


vealed a coefficient of 


The regression line is: 0.22 


coefficient of correlation of O.88, the regres- 


sion equation being: BMR 57.0 + 0.25 
P/c. 
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Treatment of Pernicious Anemia with Animal Protetn Factor 


Concentrates of Bacterial Origin 


Leo M. Meyer, Norron D. Rirz, MANuet Rowen, 
Georce Bock and Jutius Rurzky 


From the Department of 

Animal protein factor concentrates were 
prepared from the aerobic fermentation of 
a non-motile gram-negative bacillus isolated 
from chicken feces. One cc. 
(A.P.F. 60) had a biologic activity equal to 
“10 unit liver” when administered to chicks 


of one product 


receiving a diet containing 70 per cent soy 


bean meal. In the Lactobacillus leichmannii 


assay the material had a somewhat lower 
potency (65% of “10 unit liver’). A_ sec- 
ond preparation (Normocytin) had a_po- 


tency of 8 micrograms of B,, per ce. by 
L, leichmannii assay and equivalent to 10 
micrograms of vitamin B,, per cc. by chick 
assay. Administration of A.P.F. 60 to 5 pa- 
tients with pernicious anemia in relapse in- 
duced a satisfactory reticulocyte response 


in 4 instances, with an increase of Hb and 





rherapeutics, New York University Medical College 


R.B.C. in all cases, Fight other persons with 
pernicious anemia in relapse treated with 
Normocytin showed a satisfactory reticulo- 
cytosis and an increase of Hb and R.B.C. 
Normal levels were observed in 6 cases. One 
patient from the original group treated with 
A.P.F. 60 was continued on Normocytin and 
also reached normal hematologic values. In 
all instances there was improvement and 
general well-being of the patients. Megal- 
oblastic bone marrows were converted to 
normal states. Where neurological changes 
were present improvement was noted. There 
was no instance of progression or develop- 
ment of nervous system signs or symptoms. 
In two patients the Hb and R.B.C. re- 
mained below normal levels and are at pres- 
ent under treatment with vitamin B,.. 
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The Significance of RS-T Elevation in Acute 
Coronary Insufficiency 


InvinG G. Kroop,* Harry L. JAFFE 


and Arruur M. MAsTer 


From the Cardiographic Laboratory and Cardiovascular Research Group, 
The Mount Sinai Hospital, New York 


acute insuffi- 


The 


ciency, as distinct from acute coronary oc- 


concept of coronary 


clusion, has been well established electro- 


cardiographically and pathologically. It rep- 
resents a disproportion between the de- 
mands of the myocardium for oxygen and 
nutritional elements, and the available sup- 
ply in the coronary circulation, The mecha- 
blood flow, in- 


nism may be 


creased work of the heart, or impaired ox- 


inadequate 


ygenation of the blood. Coronary artery dis- 
ease is usually present, but the heart may 
be normal. 

There are various degrees of acute coro- 
nary insufficiency. Usually the inadequacy of 
blood or oxygen is transitory and _ easily 
reversible, as in simple anginal pain. Ana- 
tomical changes in the myocardium are ab- 
sent or minimal and the process is a func- 
tional one. If the coronary insufficiency is 
severe or persistent, necrosis of the suben- 
docardial layer of the myocardium occurs 
which may go on to extensive infarction. 

In coronary insufficiency the electrocardio- 
gram usually discloses RS-T depression and 
‘T’-wave inversion, associated with the sub- 
endocardial ischemia or necrosis. According- 
ly, the electrocardiographic changes may be 
transitory, or may persist for several weeks. 

Coronary artery occlusion usually pro- 
duces a massive infarct extending to the 
pericardium. As a result the electrocardio- 
gram presents KS-T elevations and Q waves. 
The occurrence of such a pattern in coro- 
nary insufficiency, while noted occasionally 
in the literature, has been considered rare. 
Hlowever, in our experience the frequency 
of RS-T elevation in coronary insufficiency 
has been great enough to make its differ- 
ential diagnosis from acute coronary occlu- 


sion clinically important. 
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Our material includes twenty-five cases 
of acute coronary insufficiency with RS-T 
elevation instead of RS-T depression. Serial 
electrocardiographic tracings were obtained, 
usually including unipolar precordial and 
extremity leads. 

Five of these cases were examined post- 
mortem and no recent coronary occlusion 
was found. Clinically, all the cases lacked 
the corroborative evidence of infarction, i.e., 
elevated white blood count, abnormal sedi- 
mentation rate, and fever. Most of the pa- 
tients had suffered previous coronary occlu- 
sion with infarction, usually of the post- 
erior wall. Some, however, had no history or 
evidence of 


electrocardiographic previous 


occlusion with infarction. 

In most of our cases the coronary insuf- 
ficiency with RS-T elevation occurred spon- 
taneously during ordinary activity, or under 
emotional stress. Other precipitating factors 
were paroxysmal tachycardia, hemorrhage 
and shock, and operative procedures includ- 
ing sympathectomy. The RS-T elevation was 
transitory, disappearing when the precipi- 
tating influence was removed. We were able 
to induce RS-T elevations by exercise and 
the injection of atropine and adrenalin. 

Our data indicate that not infrequently 
an erroneous electrocardiographic diagnosis 
of coronary occlusion with infarction may 
be made in cases of transitory coronary in- 
sufficiency if the significance of the RS-T 
elevation in these cases is not appreciated. 

The 
the RS-T elevations is clearly demonstrated. 


functional and reversible nature of 

Our findings in humans confirm the ex- 
perimental observations on epicardial and 
endocardial injury in animals, and contrib- 
ute further to the understanding of the na- 
ture of myocardial injury. 
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1874-1949 











1949 








EUGENE HILLHOUSE 


Dr. Kugene Hillhouse Pool, thirty-eighth 
President of ‘The New York Academy of 
the 9th day of April, 
1949, in his seventy-fifth year. Thus ended 


Medicine, died on 
one of the most distinguished careers in the 
history of American surgery. 

Born June 3, 1874, he was graduated from 
St. Paul's School, Concord, New Hampshire 
and entered Harvard in the fall of 1891, re- 
ceiving his A.B. in 1895. Dr. Pool was grad- 
the 
Physicians and Surgeons, Columbia Univer- 
sity, in 1899, 

Following a surgical internship at the 
New York 1900-1901, Dr. Pool 
planned a career in internal medicine. This 


ulated in) medicine from College of 


Hospital, 


altered by an_ in- 
Bull to 


was dramatically 
Dr. William T. 
associate in an extensive sur- 
Dr. Bull the 


master surgeons of his time and probably 


plan 
vitation from 
become his 
gical practice. was one of 
the first man to confine his work exclusively 
Then 


association 


followed seven years of 
with Dr. Bull, both in 
practice and in surgical writing. 

Dr. 
in Anatomy at the College of Physicians 
1901-1904. He 
Attending Surgeon to the French Hospital 


to surgery. 
constant 


Pool was an Assistant Demonstrator 


and Surgeons from was 
from 1901-1915 and Consulting Surgeon up 
to the death. Following an 


instructorship in surgery at the College of 


time of his 


Surgeons he became an 
Associate in 1912-1915 
Professor of Clinical Surgery from 1915- 
1938. 

In 1907 Dr. 
tending Surgeon to the New York Hospital 


Physicians and 


Surgery from and 


Pool became Associate At- 


and eight later became Attending 


Surgeon, which position he held until 1932 


years 


when the New York Hospital moved up- 
town to the Cornell Medical 
College to form the Cornell-New York Hos- 
pital Medical Center. Thereafter Dr. Pool 
became Clinical Professor of Surgery in 
the Cornell University Medical School and 
Senior Attending Surgeon to the New York 


join” with 


Hospital. 
Thus, for more than thirty-five vears Dr. 
Pool was intimately connected with the New 
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York Hospital, an association which brought 
great fame to hospital and surgeon. 

Chief of 
Surgical Division of the New York Hospital 


As distinguished the Second 
Dr. Pool was indefatigable in directing one 
of the the 
country and became known throughout the 


greatest surgical services in 
and 
the 


problems of the surgical care of patients 


surgical world as a master surgeon 


preéminent teacher, Ever interested in 
and in surgical research, he stimulated and 


was a constant source of inspiration to 
many students of the art of surgery who 
have since gone on to their own individual 
accomplishments and recognition. 

His surgical service became a model of 
its kind, attracting many prominent visitors 
and his conferences and surgical clinics will 
forever be remembered by all who were so 
fortunate as to be participants. 

Dr. Pool was an extraordinarily able man. 
Endowed with a fine mind, he developed it 
to the He 


counsel, discerning in judgment, unfailing 


highest degree. was wise in 
in leadership, with a limitless capacity for 
work. When he started anything he never 
stopped until the job was completed. He 
gave of himself without stint. He had vision, 
was able to 


thinker and 


crystallize his thoughts. With it all he was 


was a. straight 


intensely practical and a wonderful judge 
He 
in a problem and how to keep that interest. 


of men. knew how to arouse interest 
He had a keen sense of kindly humor. He 
had a love of people and boundless kindness 
toward people. That is why his patients 
believed in him, trusted him implicitly and 
never forgot him. 

Dr. 


upwards of seventy. He wrote extensively 


Pool’s published articles numbered 


on diseases of the thyroid and parathyreid, 
heart and pericardium, spleen and gastro- 
intestinal tract. At an early date he re- 
internship as a_ pre- 
requisite to his internship. He 
constantly strove to improve surgical tech- 


quired a medical 


surgical 


nique and was himself a meticulous, gentle 
operator with a reverence and deep respect 
He instituted routine confer- 
the and 


for tissues. 


ences with hospital pathologist 
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stressed the great importance of a knowl- 
edge of pathology in surgery. He refined 
the abdominal suction tip which bears his 
name (1909) and was a pioneer in early 
postoperative exercises which he developed 
and wrote about while convalescing from an 
(1913). In 1927, 


recognizing the entity of psychosomatic syn- 


operation upon himself 


dromes, he arranged for regular ward 
rounds on his service by a leading psychia- 
trist from the Westchester Division of the 
New York Hospital. These are but a few 
of his extraordinarily important and _trail- 
blazing contributions to surgery. 

Dr. Pool’s service in World War I was 
a distinguished one. Going to France with 
Base Hospital No. 9 (New York Hospital 
Unit) he became in turn, Chief Surgeon of 
Evacuation Hospital No. 1, Consulting Sur- 
geon to the 5th Army Corps and _ finally, 
Consulting Surgeon to the Ist Army. He 
was discharged January 30, 1919 with the 
rank of 
awarded the Legion d’Honneur, the Dis- 
tinguished Service Medal and a citation for 
“meritorious services” from the C.I.C., John 


Lieutenant Colonel and = was 


J. Pershing. 

This distinguished service in World War 
I was strikingly recalled in World War II 
when many of his observations, published 
after World War I— 

“The Early Treatment of Gunshot 
Wounds”—Oxford Surgery, 1921 P745- 
775. 

“Military Surgery of Joints’—Keen’s Sur- 
gery, 1921 VII, 557. 

“Surgery of the Soft Parts and Joints”— 
S.G.0., 1918 XXVII, 289. 

“War Wounds, Primary and Secondary 
Suture”—J.A.M.A., 1919 LXXITI, 383. 

“Treatment of Recent Wounds of the 
Knee Joint”’—Annals of Surgery, 1919 
LXX, 266 

were of timely interest and of invaluable 
assistance to the recent World War IT 
surgeon. 

Dr. Pool was associated with many hos- 
pitals in a consultant capacity, among these 
heing— 

Home for Incurables 

Central Islip State Asylum 

New York Orthopedic Hospital 
United Hospital at Portchester 


French Hospital 

Hospital for Special Surgery (R & C) 
—where he was Surgeon in Chief, 1934- 
1936; Surgeon in Chief Emeritus, 1936- 
1949 

New York 
Children 

Monmouth Memorial Hospital 

Elizabeth A. Horton Memorial Hospital 

North County Community Hospital 

Presbyterian Hospital 

New York Eye and Ear Infirmary 

Harlem Hospital 

St. Vincent's Hospital (N. Y. C.) 

Despite the press of his exacting hospital 


Infirmary for Women and 


duties and an increasing consulting practice, 
Dr. Pool was active in many professional 
societies and was accorded their highest 
honors: 

New York Academy of Medicine:— 
Fellow, 1904; ‘Trustee, 1925-1934 and 
1937-1941; President, 1935-1936. 

New York Surgical Society—President, 
1923-1925. 

American Surgical 
dent, 1936. 

International Surgical Society. 


Association—P resi- 


Southern Surgical Association. 

American College of Surgeons—President, 
1936. 

Society of Clinical 
1927-1929. 


Detroit Academy of Medicine, Honorary 


Surgery—President 


Member. 

In 1935 Governor Lehman appointed Dr. 
Pool Chairman of the Committee to rewrite 
the medical provisions of the Workmen’s 
Compensation Act. This Act was in answer 
to the widespread medical abuses revealed 
by a former committee appointed by Gov- 
ernor Roosevelt. This Committee was an 
extremely important one and completely 
rewrote all the provisions of the Workmen’s 
Compensation Act. The governor made the 
Committee’s report his bill and it was 
passed without any amendments by the 
State Legislature. Since the passage of the 
bill, as drawn by Dr. Pool’s Committee, 
it has been changed in only minor par- 
ticulars and has served as a model for 
other states which have found it necessary 
to improve the medical provisions of their 
workmen’s compensation laws. 
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Dr. S. S. Goldwater, New York City 
Commissioner of Hospitals, appointed Dr. 
Pool Administrative Consultant in Surgery 
for the City hospitals in 1934, 

Dr, Pool was a life trustee of Columbia 
University, an Honorary Governor of the 
New York Hospital, a life Trustee of the 
Children’s Aid Society and a former Trustee 
of St. Paul’s School, Concord, New Hamp- 
shire. In 1944 he was awarded Columbia 
University Alumni Federation’s Gold Medal 
for distinguished contributions to the Uni- 
versity. 

Dr. Pool loved sports and was an accomp- 
lished skater, above average golfer and 
played excellent tennis. For many years he 
looked forward to annual fishing and shoot- 
ing trips. When he had the opportunity in 
his busy life he played as he had worked, 
with great skill, enthusiasm and with his 
characteristic will to win. 

Dr. Pool’s clubs were the Links (N. Y.), 
Piping Rock (L. I.), and the Harvard 
Club of which he was a former President. 
His life was crowded with activity and 
accomplishments. 

Outside of his profession Dr. Pool’s out- 
standing interest was that of a collector. 
Being a great, great grandnephew of Cap- 
tain James Lawrence of “don’t give up the 
ship” fame, he brought together over a 
period of years a remarkable collection of 
memorabilia and other objects concerning 
Captain Lawrence. Today this collection 
may be seen in one of the galleries of the 
New York Historical Society. 

It is rare for a doctor to receive and 
deserve an editorial in a leading New York 
paper. The Evening Sun, on April 13, 1949, 
paid Dr. Pool this superb tribute: 

“It would be impossible to estimate the 
number of persons who owe their lives to 
Dr. Eugene Hillhouse Pool. Even a com- 
plete roster of all who came under his 
hands as patients would only begin to 

tell the story. To those would have to be 


added the patients of thousands of men, 
surgeons today in all parts of the world, 
who gained their skill from watching the 
amazing hands of this master surgeon 
and from listening to his sound advice on 
how best to repair broken bodies. Among 
a whole generation of surgeons there is 
no prouder boast than that of having 
been a@ pupil of Eugene Pool, that ex- 
tremely strict taskmaster who demanded 
rigid perfection in his students but who 
spared nothing in seeking to attain it 
himself. If his capabilities in the operat- 
ing room alone were taken into account, 
the world would be heavily in his debt. 
Coupled with them, however, were an 
unswerving integrity, a’ tremendous in- 
terest in all matters pertaining to the 
medical profession and the fine instincts 
that mark the true gentleman whatever 
his field of endeavor. As President of the 
Academy of Medicine in a period when 
it was seeking to shape its future course, 
he did much to set it on the road to its 
present high estate. A man who habitually 
shunned the spotlight, Dr. Pool on his 
death left little material for biographers. 

More important, he left a shining example 

for doctors, present and future.” 

Dr. Pool was divorced from his first 
wife, Mrs. Esther Hoppin Pool, in 1930 and 
his second wife, Mrs. Kitty Lanier Har- 
riman Pool, died in 1936. Surviving are his 
third wife, Mrs. Frances Saltonstall Pool, 
two sons by his first marriage, Dr. J. 
Lawrence Pool and Beekman H. Pool, a 
brother, Harry Henry Pool and a sister, 
Mrs. Sophie Duer. 

In his death on April 9, 1949 the pro- 
fession lost a great leader, the community 
a great force, his associates a great friend. 

“The soil out of which such men as he 
are made is good to be born on, good to 
live on, good to die for and good to be 
buried in.” 

Frank J. McGowan 
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‘TWENTY-SECOND GRADUATE FORTNIGHT 
of 


THe New York Acapemy or Mepicine 


October 10 to 21, 1949 


SUBJECT: 


ADVANCES IN DIAGNOSTIC METHODS 
Program has been arranged by the Committee 
on Medical Education and _ will include: 


Morning Panel Discussions 


Afternoon Hospital Clinics 


Evening Addresses and Motion 


Picture Presentations 


Scientific Exhibits 


Registration cards will be furnished to all Fellows of the Academy without 


application. Registration cards will be sent to other applicants upon 
receipt of check for ten dollars, payable to The New York Academy of 
Medicine. Address, Secretary, Fortnight Committee, The New York 
Academy of Medicine, 2 East 103 Street, New York 29, N. Y. 
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